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This thesis describes a search for ecological validity in the research on and the 
rehabilitation of executive functioning. The main reason why this issue deserves attention lies in 
the fact that executive functions are essential in our everyday life as they allow us to act 
independently. These functions enable a person to intentionally initiate and regulate new 
patterns of behaviour and ways of thinking, and to introspect upon them. All of this covering a 
long period of time, without external cueing, often involving ill-structured situations and the 
activation of delayed intentions. As can be expected, executive functioning is required most in 
novel, non-routine situations or in situations where the usually performed, routine behaviour is 
no longer useful or appropriate. Consequently, besides in normal daily life, executive functions 
are indispensable in the rehabilitation process after brain injury. Therefore both assessment and 
treatment of executive functioning problems deserve a great deal of attention.  
A second reason is that many measures of executive functioning have proven to fall 
short in the estimation of a person’s executive functioning in daily life situations. Assessment is 
mainly done with neuropsychological tests. More recently, functional neuroimaging is applied to 
study the neural basis of executive functioning. Improvements in this technique have resulted in 
increasingly detailed information on the brain processes underlying cognitive functions and with 
that more and more researchers, many of which neuropsychologists, include it in their research 
design. Neuropsychology has really profited from this progress as it is the field that connects 
neural function with behaviour. More specific, the neural mechanisms behind recovery of 
function after brain injury have become a subject of interest for neuropsychologists. However 
promising the technique may seem, it also presents researchers with many restrictions that 
make ecological validity of the tests used questionable. Concluding, in many cases a person’s 
level of executive functioning or his brain activation during executive functioning is being 
estimated on the basis of tests that are not ecologically valid.  
Several studies were performed within the present research project. In the first chapter, 
an introduction is given on executive functioning and its rehabilitation after brain injury. 
Ecologically valid measurement of executive functioning is discussed in the context of traditional 
neuropsychological assessment and of functional neuroimaging. In chapter two the development 
and evaluation of an fMRI test of executive functioning is described. The test is presented to a 
healthy control group and can been seen as a first step in designing a test of executive 
functioning with higher ecological validity than tests used up to now in fMRI. In chapter three, 
again the evaluation of a test of executive functioning described, but this time an office-based 
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test. It is presented to a large group of brain-injured patients with a dysexecutive syndrome and 
also this test is expected to be more ecologically valid than tests used thus far. In chapter four a 
multi-faceted treatment protocol for the dysexecutive syndrome is described. This treatment is 
designed to be clinically relevant: improving executive functioning in daily life. Patients’ 
functioning is evaluated before and after treatment and compared to the functioning of patients 
receiving a control treatment. In chapter five, brain activation patterns of six stroke patients 
included in the experimental treatment are evaluated and related to their scores on 
neuropsychological tests and questionnaires before and after treatment. Finally in chapter six, 
the information gathered around the topic of ecological validity in executive functioning research 
is summarized and discussed. Suggestions for interesting further research are given as well as 
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Executive Functioning: Rehabilitation after Brain Injury and the 
Contribution of Functional Neuroimaging. 
 
Executive functions1 
Executive functions (EF) are higher cerebral functions controlled by frontal lobe systems 
that enable a person to intentionally initiate and regulate new patterns of behaviour and ways of 
thinking, and to introspect upon them. They are involved in a whole range of adaptive abilities 
and behaviours which are required most in novel, non-routine situations or in situations where 
the usually performed, routine behaviour is no longer useful or appropriate.  
Norman and Shallice (1986) developed a model which clarifies the role and position of 
these ‘frontal functions’. It is based on two main premises. The first is that routine selection of 
routine actions or thought operations is decentralised. This they termed ‘contention scheduling’. 
The second assumption is that non-routine selection is qualitatively different and involves a 
general-purpose Supervisory Attentional System (SAS) which modulates rather than dictates the 
rest of the system. This model implies that in routine situations there is an automatic selection 
of an appropriate schema. The result of this selection process is dependent on the context and 
content of the stimulus situation. In new situations when tasks can not be performed routinely 
the SAS is activated. It does not directly select the schema to be used, but influences the 
process of activation of certain schemata. Norman and Shallice describe attention as the factor 
which controls activation and inhibition and assume that motivational factors supplement the 
activational influences of the SAS. Shallice (1988) summarises the role of the SAS as follows:  
... the Supervisory System [has] access to a representation of the environment 
and of the organism's intentions and cognitive capacities. It is held to operate 
not by directly controlling behaviour, but by modulating the lower level 
[resources] by activating or inhibiting particular schemata. It would be involved 
in the genesis of willed actions and required in situations where the routine 
selection of actions was unsatisfactory - for instance, in dealing with novelty, in 
decision making, in overcoming temptation, or in dealing with danger. (Shallice, 
1988, p335) 
                                                 
1 The terminology of the International Classification of Functioning, Disability and Health (ICF; World 
Health Organization, 2001) is used. The word ‘function’ refers to physiological functions of body systems, 
including psychological functions. ‘Functioning’ is broader and additionally includes the activities people do 
and their participation in certain life areas. 
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On the behavioural level EF have been conceptualised into four different components: 
volition, planning, purposive action, and effective performance ( Lezak, Howieson, & Loring, 
2004). The term volition is used to describe the ‘capacity for intentional behaviour’ and is 
essential in the other three components. Planning involves the organisation of the steps and 
elements needed to achieve a goal. This requires the ability to anticipate, to have an objective 
view on oneself and one’s environment, and to consider alternative behaviour (Lezak et al., 
2004).  Besides planning a task, its execution is an essential step in purposeful behaviour. In 
order to execute a task, the actor has to initiate a particular plan while simultaneously ignoring 
irrelevant or competing needs, wants, or other plans. To ensure effective performance, the 
ongoing action is constantly monitored and compared with the original plan. If necessary the 
actor stops, self-corrects, and consequently switches flexibly to other behaviour. This regulation 
of behaviour implies that a person is able to keep his or her intentions active in working 
memory over a long period of time without external cueing. Next to that he or she must 
recognise errors and be motivated or able to correct possible errors. As soon as the desired 
goal has been achieved, the actor has to recognise this and terminate his or her actions. 
Ylvisaker (1998) suggests another classification which clarifies the role of executive functioning 
in daily life activities: self-awareness of strengths and needs; realistic and concrete goal setting; 
planning and organizing the steps to these goals; self-initiating these plans; self-monitoring and 
evaluating performance according to plan and goal; self-inhibiting behaviour that does not lead to 
the goals set; flexibility and problem solving when situations can not be dealt with according to 
plan; and strategic behaviour, that is generalisation of successful behaviours to other situations. A 
situation in which the above is brought into practice is best described as ‘multitasking’ ( Burgess 
& Simons, 2005a). The authors distinguish this from multiple-task performance by stating that 
multitasking involves an ill-structured situation and the activation of delayed intentions.  
Essentially, EF should not be reduced to ‘cold’ cognitive components leaving out the 
clinically essential aspects of self-monitoring, initiative and ‘hot’ cognition (emotional evaluation 
and mental effort). Through these aspects, EF play a critical part in complex social behaviour. 
Barkley (2001) puts it even stronger by stating that the ultimate purpose of EF is to maximize 
the social outcomes for the individual. A cognitive framework for understanding these prefrontal 
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Figure 1. Revised mental schema theory (Brouwer et al., 2003) 
 
This model is a supplement to the Norman and Shallice model. Above the horizontal dotted line 
psychological processes are indicated that are representative for EF. Below the dotted line 
implicit automatic aspects of information processing and memory are indicated: contention 
scheduling. SAS control of schema-driven information processing is activated if a discrepancy 
between actual and required goal attainment is sensed. This framework complements the other 
model by adding the awareness of own (dys)functioning (the monitor), which plays a critical role 
in activating the SAS, but certainly is not equivalent to it. This awareness of own performance is 
a very important but often neglected aspect of executive functioning. The model illustrates that 
executive dysfunctioning not only can lead to practical problems; it can also cause problems or 
misunderstanding in social situations. We can conclude that EF play an important role in 
independent functioning in daily life, also in social situations, and as a result, in the quality of life a 
person experiences.  
 After defining EF on the behavioural level, the question arises where these functions are  
to be found anatomically. However, localisation of EF is a complex matter. Though they are 
often referred to as “frontal lobe functions” and the (pre)frontal lobe plays a central role, EF are 
the result of neural processing without a specified location, either in the frontal cortex or 
elsewhere. This idea is elaborated by Elliott (2003) who describes executive functioning as being 
mediated by dynamic and flexible networks. She states that executive functioning does not 
depend on the prefrontal cortex in isolation, but on an intact corticostriatal circuitry mediated 
by dopaminergic neurotransmission. Linking anatomy with behaviour Fuster (1997) explains:  
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Behavioural actions are represented in relatively segregated domains of the 
cortex of the frontal lobe…. Each is hierarchically organized. Within it, actions 
are represented by increasing order of complexity and novelty in successively 
higher and interconnected areas. Actions that have become automatic and 
routine are represented in lower levels of motor hierarchies…. All action 
domains extend forward into the prefrontal cortex, where the more complex 
and novel actions are represented…. The decision to undertake a course of 
action is a multidetermined phenomenon, a vector of numerous and diverse 
neural influences that from other brain regions converge at a given time on the 
frontal cortex. Foremost among these influences are the basic drive and 
motivations of the organism, which arrive in frontal cortex from diencephalic 
and limbic formations. Other inputs arrive from sensory receptors and areas of 
posterior (perceptual) cortex. (Fuster, 1997, p250-251) 
When ultimately trying to locate the different behavioural components of executive functioning, 
the prefrontal cortex can be subdivided into three regions (e.g. Cummings, 1995; Sbordone, 
2000;  Stuss & Benson, 1984): the dorsolateral prefrontal cortex is mostly active in planning and 
purposive action; the medial frontal cortex participates in motivation, drive and initiative; and 
the orbitofrontal cortex is involved in emotional and social behaviour. In figure 1 these 
components mainly come into play in the SAS activities located above the dotted line: planning, 
motivation and effort, and monitoring of emotional and social consequences of situations. 
However, emotional and motivational states can also play an important role in automatic schema 
selection, in their quality of internal context factors. Knowledge of the diverse components that 
constitute executive functioning and how they are linked to each other at these different levels 




Executive dysfunctioning, or a dysexecutive syndrome, can have various neurological and 
psychiatric causes, either as a result of lesions in the frontal-cortical-subcortical circuits or 
alterations of metabolic activity of these circuits. Though the dysexecutive syndrome can arise 
irrespective of aetiology or localisation of the damage this does not imply that any type of brain 
injury can lead to executive dysfunctioning: the frontal cortex has to be directly affected or 
indirectly, due to lesions elsewhere in the circuitry. Whether and which specific executive 
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dysfunctions become apparent and how severely they affect a patient’s life differs due to 
variability in premorbid characteristics, aetiology, and localisation of the brain injury. The diverse 
behavioural manifestations of the dysexecutive syndrome can be made clear using the Norman 
and Shallice model and the revised mental schema theory (figure 1) both discussed above. When 
the SAS is not operating as it should, selection of behaviour will be done routinely. This will 
especially give problems in situations that are novel and complex, for instance, when an unusual 
response for a certain context is required. Typically, the dysexecutive syndrome results in one 
or more of the following: reduced awareness of impairments or a non-realistic approach to 
them; disorganised planning of actions; reduced initiative; disorganised regulation of actions; 
inappropriate or uninhibited social behaviour; rigidity of behaviour; or inability to generalise to 
other situations.  
In the clinical practice of rehabilitation there are two main aetiologies underlying the 
dysexecutive syndrome: stroke and traumatic brain injury. TBI typically is diffuse axonal injury. In 
the more severe cases it is accompanied by more localised damage, often fronto-temporal. 
Therefore, a large part of the people suffering TBI will experience executive functioning 
problems (e.g.  Satish, Streufert, & Eslinger, 2006;  Ylvisaker & Feeney, 1996). Those problems 
may still be present many years post-injury ( Ponsford, Draper, & Schönberger, 2008;  Spikman, 
Deelman, & Zomeren van, 2000a). Deficits in Lezak’s planning component, appear to be an 
important underpinning of the impairment of everyday living activities after TBI ( Fortin, 
Godbout, & Braun, 2003). Also purposive action and effective performance have been found 
impaired ( McDonald, Flashman, & Saykin, 2002;  Spikman et al., 2000a). Spikman et al. (2000a) 
further concluded that patients with specifically focal frontal damage were especially impaired 
and that, as a result, they had to rely more heavily on externally provided cues. In a clinical study 
( Pachalska M., Kurzbauer H., Talar J., & MacQueen B.D., 2002), the consequences of TBI on a 
behavioural level  were subdivided in an active (acting without thinking: impulsiveness) and a 
passive (thinking without acting: reduced initiative) form of the dysexecutive syndrome; 
disorders in planning and volition, respectively. Both forms will, of course, only be seen as a 
disorder when they lead to maladaptive behaviour. In routine situations acting without thinking 
can be very useful and timesaving. Thinking without acting should perhaps be done more by 
some people who quickly turn to aggressive behaviour. In recent years the ‘hot’ aspects of 
executive functioning have also become subject of study. According to Spikman (2003) there is 
increasing evidence that social attention (“the ability to observe and interpret social situations 
correctly, whereby social situation refers to any interaction with another human being” (p. 173) 
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can be impaired in TBI. Hornak, Rolls and Wade(1996) observed socially inappropriate 
behaviour in a group consisting of both TBI and stroke patients with ventral frontal lobe damage 
who suffered from impairments in the identification of facial and vocal emotional expression. In a 
study on TBI patients with frontal lesions, deficits in social cognition were found that were not 
related to results on measures of ‘cold’ executive functioning. The authors suggest that both hot 
and cold aspects of executive functioning can be variably impaired ( Spikman, Veenstra, van der 
Naalt, Milders, & Brouwer, 2005). The ability to make inferences about another’s mental state 
(so-called “Theory of Mind”) also has been found to be impaired in TBI and stroke patients ( 
Milders, Fuchs, & Crawford, 2003;  Stone, Baron-Cohen, & Knight, 1998). 
In stroke patients there has been less extensive research on the dysexecutive syndrome. 
The research done suggests that it is quite common after stroke (eg  Ballard et al., 2003;  Vataja 
et al., 2003) and, like in TBI, can differ in each patient in the symptoms that manifest themselves. 
Effective performance and purposive action have been found impaired. (Ballard et al., 2003;  
Leskela et al., 1999; Vataja et al., 2003) . Finally, also in stroke patients there is increasingly more 
attention for the possibility of changes in social/emotional behaviour. Brodaty (2005) found that 
apathy is common after stroke and that its presence may be related to older age and right 
fronto-subcortical pathway pathology, rather than stroke severity. The type and location of 
stroke is hypothesised to influence which functions will show most impairments, including 
behavioural/emotional self-regulatory functioning (Stuss, 2007). 
  
 
Assessment of executive functioning 
Neuropsychological tests 
To estimate the nature and severity of the dysexecutive syndrome, neuropsychological 
assessment is necessary. In that assessment also other, cognitive, functions should be 
considered, like memory, attention or slowness of information processing. Poor performance on 
a certain test can be attributed to many different deficits (e.g. Rabbitt, 1997;  Spikman, 
Timmerman, Zomeren van, & Deelman, 1999). Especially where EF are concerned it is 
important to have thorough information because these functions are essential in independent 
functioning in daily life and play an even larger role in the rehabilitation phase after brain injury. 
The lives of brain-injured patients suffering cognitive and physical impairments have changed and 
are now full of new and unstructured situations. Therefore, EF are indispensible in the process 
of resuming previous activities. To guide a patient best in that process, tests should result in 
useful information on expected executive functioning in daily life; i.e. be ecologically valid. 
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Ecological validity in a neuropsychological context has been defined by Sbordone (1996) as: “the 
functional and predictive relationship between the patient’s performance on a set of 
neuropsychological tests and the patient’s behaviour in a variety of real-world settings” (p. 16).  
Regrettably though, neuropsychological tests have proven to fall short in the estimation 
of a person’s executive functioning in daily life situations. Well known tests for EF are: the 
Tower of London test (ToL; Shallice, 1982), Stroop test (Stroop, 1935), Wisconsin Card Sorting 
test (WCST; Berg, 1948), Trailmaking test, and the Behavioural Assessment of the Dysexecutive 
Syndrome (BADS;  Wilson, Alderman, Burgess, Emslie, & Evans, 1996). The ToL test was not 
sensitive in the assessment of patients with severe, diffuse, TBI (Cockburn, 1995) or patients 
with chronic TBI (Spikman et al., 2000a). In Demakis’ study (2004) the Stroop test did not show 
the expected effect for frontal lobe patients. Anderson et al. (1995) found that the WCST and 
the Trailmaking test were not sensitive for dysfunctions in a group of TBI patients with and 
without frontal lobe lesions. The BADS is claimed to be an ecological valid measure able to 
predict executive functioning in daily life. It proved to have larger predictive value than the 
WCST  (Wilson, 1993), but still the ecological validity of the BADS has been found to be limited 
in the assessment of patients with brain injury ( Norris & Tate, 2000a;  Wood & Liossi, 2006).  
In studies on the assessment of EF (e.g.  Burgess, Alderman, Evans, Emslie, & Wilson, 1998;   
Manchester, Priestley, & Jackson, 2004), these difficulties have been confirmed: clinical 
instruments designed to assess EF appeared to have variable sensitivity and specificity, and only 
low-to-moderate ecological validity. According to Manchester et al. (2004) office-based tests of 
executive functioning might be of use when deciding on rehabilitation approaches, but the 
assessment of executive dysfunctioning in daily life is best achieved by naturalistic assessment 
measures combined with information about the patient’s behaviour provided by significant 
others. 
The fact that especially EF are hard to capture, is a result of the ongoing theoretical 
discussions as to what executive functioning is and how all its elements can be assessed (Rabbitt, 
1997). Executive functioning in daily life is needed in situations where criteria for success are not 
clearly specified, goals must be kept active over a long period of time without externally 
provided structure, and interruptions have to be dealt with. Furthermore, the essence of EF is 
the self: self-initiation, self- structuring and self-regulation. Obviously, these elements are hard to 
incorporate in a standardised neuropsychological assessment. Cues, both minor and those 
inherent in an assessment situation (Spikman et al., 2000a), absence of distraction, and structure 
provided (Chamberlain, 2003) make the assessment situation quite the opposite of daily life. 
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Additionally, most tests only assess one or two of the many elements involved in the complex 
process of EF in the brain and ignore the remaining elements, particularly motivation and 
emotion. Related to this, EF tests may also make demands on other (non-executive) cognitive 
skills or functions (Rabbitt, 1997). All of this can result in brain injured patients performing on 
the level of healthy controls in an assessment procedure while experiencing problems in daily 
life (e.g.  Wood & Rutterford, 2004).  
The reason why so many neuropsychological tests with low ecological validity have been 
developed, and are still used, lies in the history of neuropsychology as well as the developmental 
history of the tests. Neuropsychologists primarily assisted in the diagnosis of brain pathology 
before they were being asked to make recommendations about a person’s daily life functioning. 
To answer these relatively new questions, tests are used that were originally developed to 
answer diagnostic questions and in most cases those tests lack ecological validity ( Chaytor & 
Schmitter-Edgecombe, 2003). Linked to this, Burgess et al. (2006b) describe, specifically for EF, 
the process whereby tests until now were being developed, why that approach is not likely to 
result in clinically useful tests, and what might be a better approach to the development of an EF 
test. They claim that most tests are based on a theoretical construct or cognitive resource and 
therefore result in information on these hypothesised resources, which is not easily translated 
into real-life functioning. Especially where EF are concerned, test development should be based 
on a function2, or, in the authors’ definition: directly observable behaviour. This is most likely to 
result in a test fit for clinical purposes. A “function-led” approach in test development would for 
instance ensure that the actual situation in which the assessment takes place is more like daily 
life and that more elements involved in the complex process of executive functioning are being 
assessed.  
The lack of ecologically valid tests, has led to the development of several new tests. For 
example, the BADS was developed as a more ecologically valid test than the tests being used at 
that time. Other tests include: the Multiple Errands Test ( Alderman, Burgess, Knight, & 
Henman, 2003;  Shallice & Burgess, 1991), the Hotel Task ( Manly, Hawkins, Evans, Woldt, & 
Robertson, 2002), and the Executive Secretarial Test ( Spikman et al., 2007). This last test led to 
better predictions on everyday functioning than the BADS (Lamberts, Evans & Spikman, 2009a).  
 
 
                                                 
2 Although ICF classification demands the use of the word “functioning” in this context, the authors’ use 
of the word “function” has been maintained to prevent ambiguity when referring to their “function-led” 
approach.  
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Not only new tests have been developed, also new techniques are being used to 
increase understanding of executive functioning and its underlying processes. In the attempt to 
locate EF anatomically, functional neuroimaging techniques have become popular in 
neuropsychology. These techniques can be subdivided in structural and functional techniques. 
Structural techniques provide anatomical information and functional techniques show local 
changes of physiological processes in the brain. These changes are linked to neural processes 
and with that to activities like fist clenching, but also to cognitive and emotional activities. 
Functional neuroimaging itself can also be subdivided ( Rossini & Pauri, 2000). One group 
analyses electromagnetic properties of the brain neurons, which can be assessed via modern 
types of ElectroEncephaloGraphy (EEG), MagnetoEncephaloGraphy (MEG) and Transcranial 
Magnetic Stimulation. The second group uses regional blood flow and metabolic changes as 
indicators of neural activation. Examples are: Positron Emission Tomography (PET), functional 
Magnetic Resonance Imaging (fMRI), and Functional Near-Infrared Spectroscopie (fNIRS). The 
last method might become more popular in future as it offers portable and low-cost monitoring 
of brain activity ( Irani, Platek, Bunce, Ruocco, & Chute, 2007).  
In the recent literature, activation patterns show overlap as well as distinctiveness in 
brain structures involved in different aspects of executive functioning. Planning of an action was 
found to be mainly located in the dorsolateral prefrontal cortex and the anterior part of the 
cingulate cortex ( Dagher, Owen, Boecker, & Brooks, 1999;  Lazeron et al., 2000). Andrés 
(2003) reviewed data from lesion and neuroimaging studies on purposive action and effective 
performance. From the neuroimaging literature she concluded that although the prefrontal 
cortex is importantly involved in EF, other areas, such as parietal, temporal and hippocampal 
areas, are also activated during the performance of EF tests. At which of these locations the 
activation is found, is largely determined by the test and the demands it makes on the subject. 
Garavan, Ross, Murphy, Roche, and Stein (2002) studied brain activation during a test requiring 
purposive action and effective performance. Like Andrés (2003) they found that subjects show 
activation in right prefrontal and parietal areas, and regions of the cingulate during inhibitory 
control. Error detection was found to activate the anterior cingulate and the pre-SMA. In 
behavioural alteration subsequent to errors the left prefrontal cortex and, again, the anterior 
cingulate were found active. Another study on purposive action and effective performance ( 
Szameitat, Schubert, Müller, & von Cramon, 2002) demonstrated that the dorsolateral 
prefrontal and superior parietal cortices were involved. In their study on effective performance, 
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van Veen, Cohen, Botvinick, Stenger, and Carter (2001) concluded that the anterior cingulate 
cortex has a highly specific contribution to EF through the detection of conflicts occurring at 
later or response-related levels of processing. Sylvester et al. (2003) evaluated whether there 
was a single executive process or multiple executive processes working together during 
purposive action and effective performance. They concluded that there are common selective 
attention processes in which the dorsolateral prefrontal, parietal, medial frontal, and premotor 
cortices are involved. Different neural areas, however, carry out the actual manipulation of 
attended information. The authors present this as evidence for the separability of cognitive 
processes underlying EF. Overall, we can conclude from this selection of studies that there are a 
few brain structures that seem to be involved in nearly every aspect of executive functioning: 
the dorsolateral prefrontal cortex, the anterior cingulate cortex, and several parietal areas.  
The potential of functional neuroimaging for assessing brain activation in relation to 
cognitive and executive tests has great interest and appeal, but researchers should be aware of 
the limitations and the risk of over-interpreting the results (Bub, 2000;  Papanicolaou, 1999). For 
instance, functional neuroimaging does not guarantee that the observed brain activity is 
necessary for an isolated cognitive process. This is because researchers never have perfect 
control over the cognitive processes in which a subject engages (D'Esposito, 2000). Thus, 
essentially neuroimaging is an observational, correlative method ( Sarter, Berntson, & Cacioppo, 
1996) and results should be interpreted accordingly. A more technical problem is that of 
detecting effects in large vessels in addition to changes in the capillary beds that irrigate the grey 
matter tissue, while only the latter is related to the paradigm. An alternative to traditional 
BOLD fMRI that may address this issue is perfusion fMRI using arterial spin labelling ( Hillary et 
al., 2002). In spite of these limitations, functional neuroimaging studies are providing us with new 
insights regarding the organisation of the cerebral cortex as well as the neural mechanisms that 
underlie cognition, especially when the data are combined with other methods like lesion studies 
(D'Esposito, 2000) or neuropsychological testing.  
The use of functional neuroimaging has also increased in research on brain injured 
patients. In this field, these techniques can have several promising applications, for instance as a 
potentially useful tool in the diagnostic process. Other clinical applications include: the ability to 
detect abnormalities not seen on static imaging, or larger areas of dysfunction than those seen 
on static imaging; providing insight in processes underlying recovery of functioning (Mountz, 
2003;  Munoz-Cespedes, Rios-Lago, Paul, & Maestu, 2005;  Scheibel et al., 2003); and expanding 
the knowledge about the precise processes through which the recovery takes place with the 
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ultimate goal of finding the best therapy for each individual patient (Azouvi, 2000; Bigler, 2001; 
Hillary et al., 2002;  Ricker & Zafonte, 2000;  Rijntjes & Weiller, 2002). In both TBI and stroke, 
functional neuroimaging studies have shown that there is a close link between cognitive and 
behavioural disorders and brain activation patterns or blood flow indices (e.g.  Brodaty et al., 
2005;  Christodoulou et al., 2001;  Fontaine, Azouvi, Remy, Bussel, & Samson, 1999;  Oder et al., 
1992;  Turner et al., 2007). Neuroimaging can suggest alternative hypotheses where traditional 
methods are out of options. For instance, in brain-injured patients with complaints about their 
cognitive functioning that could not be objectified in neuropsychological tests. McAllister et al. 
(1999) hypothesised on the basis of neuroimaging findings, that they had difficulty activating or 
modulating task processing resources due to their injury. This would lead to normal test results 
while experiencing that more effort has to be put into a task than before brain injury.  
However appealing these results may seem, in brain-injured populations the use of 
functional neuroimaging and the interpretation of results are linked with additional limitations 
compared to studies using healthy controls. A problem in the interpretation of data is caused by 
the wide variability in anatomical and functional organisation after brain injury (Hillary et al., 
2002). This implies that in a study on brain-injured patients it is not possible to perform a group 
analysis. Furthermore, the limited knowledge of brain activity in normal and in neuropathological 
states, and the little there is known about the effect brain injury and related complications have 
on fMRI measurements (Hammeke, 1999; Hillary et al., 2002) require extra caution in designing 
such a study. To control the influence of these unknown factors in data interpretation as much 
as possible there should be meaningful relationships between imaging data and 
neuropsychological testing. Furthermore, cognitive activation paradigms should be used during 
functional imaging sessions rather than after (Ricker et al., 2000). According to Price (2002) the 
most significant limitation is that functional imaging with patients needs tests that the patients 
can perform: tests that take their physical and cognitive limitations into account. Other 
complicating factors in functional neuroimaging of patients with acquired brain injury can be: 
compliance with motion restrictions, extra time needed relative to healthy volunteers, and test 
compliance (Hammeke, 1999). Eventually, functional neuroimaging may become an addition to 
neuropsychological assessment in the diagnostics of executive functioning. That extra 
information could be helpful in the decision of exactly which elements of executive functioning 
should be treated in a specific patient and in the evaluation and subsequent improvement of 
treatment methods.  
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Rehabilitation of the dysexecutive syndrome  
Recovery after brain injury can be defined at the same two levels as brain injury itself: at 
the level of activity limitations and participation restrictions and at the level of functional or 
neural impairment. After brain injury spontaneous recovery will occur to a certain degree. 
Additionally, experience dependent changes or changes due to rehabilitation have been found at 
both levels.  
 
Neuropsychological rehabilitation  
Many authors use the term ‘cognitive rehabilitation’ instead of ‘neuropsychological 
rehabilitation’. According to Fasotti (2005) the term ‘cognitive rehabilitation’ should be used 
only when referring to the combination of psychoeducation, adaptations of a persons 
environment, and cognitive training. Cognitive training, in his definition, is aimed at minimising 
the impairments directly caused by cognitive dysfunctioning and learning to cope with them. 
Cognitive rehabilitation is part of a larger field: neuropsychological rehabilitation. This larger field 
includes all interventions by a neuropsychologist within the rehabilitation of neurological 
patients: psychosocial, behavioural, emotional and cognitive. These treatment options together 
with diagnostics and research belong to the field of clinical neuropsychology. Many authors use 
the term ‘cognitive rehabilitation’ when the use of either ‘cognitive training’ or 
‘neuropsychological rehabilitation’ would be more correct according to Fasotti. In this chapter 
terminology will be translated in Fasotti’s terms to make it clear which element of the field of 
clinical neuropsychology is being discussed. 
Neuropsychological rehabilitation is recognised as an important factor aiding the process 
of picking up, as much as possible, life as it was before brain injury (e.g.  Carney & Coudray du, 
2005;  Cicerone et al., 2005; Lincoln, 2005). It can be defined as a “systematic, functionally 
oriented service of therapeutic activities that is based on assessment and understanding of the 
patient’s brain-behavioural deficits” ( Cicerone et al., 2000, p. 1596). Prigatano (2005) adds that 
neuropsychological rehabilitation “refers to nonpharmacological and nonsurgical interventions 
by healthcare providers that aim to improve or restore problem-solving capabilities of brain 
function” (p. 3) that have become dysfunctional after brain injury. Furthermore, it should “help 
patients to manage residual neuropsychological disturbances as they emerge into interpersonal 
situations” (p. 3). Finally, Wilson (1989, p. 117) includes several approaches in her definition: 
“any intervention strategy or technique which intends to enable patients, and their family, to live 
                                                     Executive Functioning: Rehabilitation after Brain Injury 
                                                        and the Contribution of Functional Neuroimaging   17 
 
 
with, manage, by-pass, reduce or come to terms with cognitive deficits precipitated by injury to 
the brain”.  
According to Hillis (2005) learning theory has provided many principles on which the 
interventions in neuropsychological rehabilitation are based. It has made therapists incorporate 
errorless learning, spaced practice instead of mass practice, and random, intermittent 
reinforcement rather than constant reinforcement into their rehabilitation. There are various 
interventions in neuropsychological rehabilitation and these can be subdivided in different 
categories. Cicerone et al. (2000) describe the following: reinforcing, strengthening or re-
establishing previously learned patterns of behaviour; learning to use compensatory, internal, 
cognitive mechanisms; learning to use external compensatory mechanisms; and enabling persons 
to adapt to their cognitive disability even though modifying or compensating for cognitive 
impairments are not possible. Many of the current methods involve learning patients to 
compensate for their deficits, although there is increasing interest in restorative approaches 
(Wilson, 2000). The latter have not yet proved to be effective, whereas compensation has 
repeatedly been demonstrated as an effective strategy (Cicerone et al., 2000; Cicerone, 2004).  
Neuropsychological rehabilitation of the dysexecutive syndrome is broadly 
conceptualized as “shifting the individual from a more dependent, externally supported state to a 
more independent and self-regulated state” (Mateer, 1999, p. 50). However clear this definition 
is, treatment of the dysexecutive syndrome may seem nearly impossible (Alderman, 1991). Not 
only because EF are involved in so many aspects of functioning in daily life, but mainly because 
the core feature of the dysexecutive syndrome is an inability to change and adapt behaviour. 
This does not mean that it really is impossible to treat these problems, but it requires taking 
into account those factors that make EF such complex and essential functions. Only then an 
intervention can be designed that is clinically relevant: improving executive functioning in daily 
life. The first factor is related to the fact that the term ‘executive functioning’ actually includes 
many different functions. It follows that the dysexecutive syndrome can differ in individual 
patients, whereby the diverse elements of EF can be differentially impaired. For a treatment to 
be clinically relevant it should be multifaceted (aimed at improvement of the full range of EF) and 
offer the possibility to adjust the exact contents to an individual patient. Another important 
factor to take into account when designing a treatment concerns the level of functioning on 
which treatment is effective. Preferably, interventions for the dysexecutive syndrome should be 
aimed at improving executive functioning in daily life. To succeed in that, treatment should 
involve contextually rich activities as abstract training of strategies, outside a realistic real life 
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context, does not generalize to real life situations ( Brouwer, van Zomeren, Berg, Bouma, & de 
Haan, 2002). Furthermore, to ensure that patients are able to apply the strategies they learned 
during treatment, transfer should be an integral element of the treatment. A prerequisite for 
learning strategies and applying them in daily life is that patients must be aware of their problems 
and be motivated to complete a treatment. In addition, the ability to self-initiate behaviour 
facilitates transfer from the learning situation to other activities. However, impairments in self-
awareness and self-initiation are frequent executive functioning deficits following brain injury ( 
Fischer, Gauggel, & Trexler, 2004;  Hart, Sherer, Whyte, Polansky, & Novack, 2004; Marin, 
1997; Prigatano, 1991). Therefore, there should be a focus on these impairments in any 
neuropsychological rehabilitation treatment of the dysexecutive syndrome.  
 
Plasticity 
Regarding plasticity, the ‘Kennard principle’ (Kennard, 1936) has long been the leading 
opinion. This principle is based on the child’s brain and holds that impairments due to brain 
injury at younger age show better recovery than when injury is suffered at older age. Hebb 
(1949) questioned the principle based on his research on children who had suffered frontal 
lesions and in most cases showed the opposite pattern. He speculated that the development of 
frontal functioning directly depends on the state underlying brain areas are in at critical 
moments in development. These ideas have been supported by research. For instance, in studies 
on the effects of early brain injury, frontal lesions have shown to result in ‘emerging deficits’: 
problems only became apparent at a certain critical moment in their development, when these 
children were expected to develop executive functioning and did not ( Eslinger, Biddle, & 
Grattan, 1997;  Eslinger, Biddle, Pennington, & Page, 1999;  Eslinger, Grattan, Damasio, & 
Damasio, 1992;  Tranel & Eslinger, 2000). In relation to plasticity, Hebb further suggested, and 
research supported this, that synchronous firing of pre- and post-synaptic cells leads to new 
synaptic connections: “cells that fire together, wire together”. When two neurons or groups of 
neurons become disconnected due to a lesion, their simultaneous activation within the network 
they are part of can result in reconnection. Connectionist models come in two main forms: 
those in which connections between neurons are dependent on input, and those in which 
connections strengths are specified. For rehabilitation, the main implications of these models are 
that rehabilitation should be intense, and nearly error free, but must allow enough errors or be 
sufficiently challenging to increase new connections. However, these two approaches are too 
limited to capture human learning. Extra, for a theory on human rehabilitation essential, 
information is provided by biological theories. These theories, Hillis (2005) states, describe that 
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the brain has more localisation of function than is required according to connectionist models, 
and that this localisation is modifiable, either by lesions, change of input, or by experience: 
intense practice or rehabilitation. Another biological view on rehabilitation is that change in 
connection strength in the brain depends on chemical milieu. Different neurotransmitters, for 
example, have been proven to play a role in the experience of reward, punishment, or 
emotional state. Wilson (1997) observed that feelings, emotional state, and social and 
behavioural consequences have important influences on rehabilitation. The influence of these 
neurotransmitters on synaptic plasticity may explain why. 
Before further focussing on the mechanisms underlying recovery in the damaged brain 
we have to consider how a healthy brain changes in response to experience. Kelly and Garavan 
(2005) describe three patterns of practice-related activation change: increase, decrease or 
functional reorganisation of activation in those areas involved in task performance. 
Reorganisation can be further subdivided in two types: redistribution, in which the functional 
anatomy remains basically the same, but the contribution of specific areas to task performance 
changes as a result of practice. The other is: ‘true’ reorganisation, which shows an actual change in 
the location of activation. This means that neurobiologically and cognitively different tasks are 
being performed before and after practice. There are several factors influencing which pattern is 
most prominent and they provide information on the mechanisms likely to underlie the changes 
in activation. The first is the effect practice has at a cognitive level. If practice results in a shift to 
another cognitive process underlying task performance, a ‘true’ reorganisation of activation will be 
observed. This is for instance the case in mirror reading which, early in learning, requires 
visuospatial information processing and after some practice, as performance becomes automatic, 
changes in object recognition ( Poldrack, Desmond, Glover, & Gabrieli, 1998). Redistribution after 
practice, depends on the increased role of task or process specific areas and a decrease of the 
influence of control and attentional areas, mostly in the prefrontal cortex ( Kelly & Garavan, 
2005). A second factor influencing the practice-related activation change is task domain. While 
practicing a sensory or motor task results in an increase of activation, training of cognitive tasks 
results in a decrease of activation in the task specific areas. This has for instance been found in 
subjects practicing a working memory task ( Jansma, Ramsey, Slagter, & Kahn, 2001) and after a 
training of alertness ( Sturm et al., 2004). Other factors, partly overlapping with the first two, 
include: the point in practice at which participants are imaged, pre-existing individual differences, 
and task difficulty. 
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Similar to changes in healthy brains, experience-dependent neural processes after brain 
injury have been described to take several forms. These plastic changes have been reported 
after the period of spontaneous recovery and they show similarities with practice- and 
experience dependent changes in the healthy brain ( Mateer & Kerns, 2000). Grady and Kapur 
(1999) propose the following types of changes: reorganisation within an existing neuronal 
network; recruitment of new areas or use of an alternate network; and inclusion of regions 
surrounding the lesion. Research has shown there are several factors influencing plasticity. More 
knowledge on these factors is essential to stimulate functional recovery and develop effective 
rehabilitation methods. Robertson and Murre (1999) considered the role of Hebbian learning 
(Hebb, 1949) in recovery after brain injury and concluded that stimulation should only be used 
when there is an intermediate loss of connections. Mild brain injury would show spontaneous 
recovery through self-repairing processes (the Hebb effect) and severe lesions with damage to 
large neuronal networks would show no recovery at all. In the intermediate lesions, the 
damaged connections between neurons could be restored by ‘guided recovery’: external 
stimulation causing simultaneous activation of disconnected areas which would then lead to 
recovery of damaged connections on the basis of Hebbian learning. Each patient should 
therefore be assessed whether she or he could benefit from stimulation and what form of 
stimulation exactly would lead to the best results. Robertson (2005b) states that ‘guided 
recovery’ is best applied in recovery of a function showing some residual capacity. This capacity 
can remain unnoticed due to low level arousal, poor awareness of deficit, inhibition by 
competitor circuits, or inadequate ability to pay attention to relevant behaviours. The influence 
of these factors should be reduced as much as possible in order to optimise the circumstances 
for recovery through plasticity. There are different types of stimulation: general stimulation (or 
environmental enrichment), or specific stimulation. This last type can further be subdivided in 
bottom-up and top-down specific stimulation. In both, attentional processes play a large role: 
the first involving external help to focus attention on a certain action, the second demanding a 
person to consciously pay attention when performing an action. Linking the concept of Hebbian 
learning to these types of stimulation, the conclusion would be to offer specific stimulation only. 
Moreover, because some plastic changes have shown no relation with functional recovery or 
even have a negative influence on recovery (Beauvois, 1982;  Naeser et al., 2005;  Pizzamiglio, 
Galati, & Committeri, 2001). Despite all the research on stimulation of plasticity, there still is a 
lot unknown. Perhaps plasticity can be influenced directly through pharmacotherapy, or ways 
can be found to influence genetic factors, which are known to play a role in recovery after brain 
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injury (Jordan, 2007). Additionally, the timing of rehabilitation may be critical (Robertson, 
2005b).  
 
Evaluation of recovery from the dysexecutive syndrome 
The influence of neuropsychological rehabilitation on recovery of functioning after brain 
injury is studied at different levels to gain more insight in, for instance, therapy effectiveness or 
recovery prognosis of a specific patient on the function being trained. Robertson (2005b) 
stresses the importance of research on this topic: “rehabilitation can harm as well as help” (p. 
281). According to him it is important to know what the exact underlying mechanisms are that 
make neuropsychological rehabilitation work. Otherwise therapists risk wasting precious time 
on ineffective treatments, damaging patients through harmful treatment and allowing atrophy of 
the brain by failing to give correct stimulation. In general, prospective randomized controlled 
trials evaluating treatment of the dysexecutive syndrome are sparse (Cicerone et al., 2005; 
Cicerone et al., 2000). Some well designed studies have been carried out addressing one or 
more aspects of executive functioning, like problem solving ( Cramon von & Matthes-Von 
Cramon, 1994;  Foxx, Martella, & Marchand-Martella, 1989), goal management ( Levine et al., 
2000) or self-regulation ( Medd & Tate, 2000). Until now, very few multifaceted treatment 
protocols are described of which the effects were evaluated according to basic methodological 
criteria. A protocol that was developed according to these standards and aimed at the full range 
of EF has proven to be very successful ( Spikman, Boelen, Lamberts, Brouwer, & Fasotti, 2009). 
In search of the effective processes in neuropsychological rehabilitation all possible instruments 
should be used in order to refine and improve treatments (Robertson, 2005a). Furthermore, in 
order to be certain a treatment is effective, it is essential to show changes not only in people’s 
lives, but in their performance and their brains ( O'Connor, Manly, Robertson, Hevenor, & 
Levine, 2004; Sturm et al., 2004). Functional neuroimaging is a potentially powerful tool in this 
scientific verification of neuropsychological rehabilitation (Pizzamiglio et al., 2001;  Ricker, 
Hillary, & DeLuca, 2001) and it offers the opportunity to study the link between 
neuropsychological rehabilitation and plasticity.  
There are relatively few neuroimaging studies on the rehabilitation of executive 
functioning after brain-injury. The studies that have been conducted have very diverse research 
designs: dealing with spontaneous recovery or recovery after therapy and using resting state or 
activation paradigms. Many studies addressing the rehabilitation of executive functioning have 
been done in patients with schizophrenia. These patients can show symptoms of the 
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dysexecutive syndrome. The negative syndrome, a sub-syndrome of schizophrenia, is associated 
with slowing of mental processing and deficits in tasks that require planning abilities ( 
Semkovska, Bedard, & Stip, 2001).  Wykes (1998) states that the ability of patients with 
schizophrenia to utilize social and occupational skills is a direct consequence of their executive 
dysfunctions in combination with memory and attention deficits. Therefore, although not a type 
of acquired brain injury, a few studies with patients suffering schizophrenia will also be discussed.  
Resting state studies measuring recovery after cognitive rehabilitation aimed at EF, 
showed an increase of prefrontal blood flow after training of patients with acquired brain injury. 
These changes were linked to neuropsychological test results and a more active daily life ( 
Laatsch, Jobe, Sychra, Lin, & Blend, 1997;  Laatsch, Pavel, Jobe, Lin, & Quintana, 1999). Activation 
studies on neuropsychological and cognitive rehabilitation in patients with schizophrenia led to a 
similar observation of increased frontal activation ( Penades & Mateos, 2002;  Wykes et al., 
2002). In Wykes’ study, three groups were compared: patients receiving treatment focused on 
EF, patients receiving a control treatment, and a healthy control group. At baseline, patients 
showed less frontal activation than healthy controls during a working memory test. After 
treatment the two patient groups showed an increase, while the healthy controls showed a 
decrease of activation during their second scan. Moreover, marked increases in brain activation 
in regions associated with working memory were found in those patients who benefited most 
from cognitive rehabilitation. These differences between patients and healthy controls were also 
found in a functional neuroimaging study by Sturm et al. (2004) on a training of alertness in 
stroke patients. These results indicate that, contrary to what is found in healthy controls, frontal 
activation increases in patients after training of a cognitive task, both in activation and in resting 
state studies. In contrast, a number of functional neuroimaging studies comparing activation at 
baseline of patients who suffered traumatic brain injury with healthy controls have demonstrated 
that frontal activation in patients was in fact more intense or wide spread during the 
performance of cognitive or executive functions tests (Christodoulou et al., 2001;  McAllister et 
al., 1999;  McAllister et al., 2001; Ricker et al., 2001; Scheibel et al., 2003). As was also discussed 
earlier, a possible explanation for this is that patients need to recruit more brain areas and use 
those areas more intensively during the performance of a certain task. As well as activation 
changes within an existing network there is also proof of recruitment of new brain areas after 
brain injury. In a study using repetitive transcranial magnetic stimulation (rTMS), a temporary 
impairment in the prefrontal areas associated with working memory was inflicted on the 
subjects. Other areas were then found activated during the performance of a verbal working 
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memory test. Which areas took over depended on the location of the rTMS ( Mottaghy et al., 
2003).   
Not only can functional neuroimaging provide information on the link between 
neuropsychological rehabilitation and plasticity, it can also be a valuable addition to behavioural 
studies. Intact performance after brain injury does not always imply normal neuronal responses. 
Functional neuroimaging has shown that alternative neuronal and cognitive mechanisms may 
support the task and mediate recovery (Price, 2002). Alternative neuronal routes or increased 
activation in patients can for instance offer an explanation as to why they report a task to be 
more effortful (Cramer, 1997; McAllister et al., 1999;  Perani et al., 2003) . Furthermore, 
knowledge of the underlying processes and of the brain regions critical to recovery of 
functioning, can aid in designing a treatment ( Strangman et al., 2005), the decision which 
treatment to give (Munoz-Cespedes et al., 2005), at which point in the rehabilitation process to 
start with treatment, and whether or not to give treatment at all in the case of a specific patient 
(Ricker et al., 2001; Robertson, 2005b). Finally, hard scientific evidence on neuropsychological 
rehabilitation methods is essential in the pursuit of acceptance and respect for these methods 
and funding for research on the subject (Robertson, 2005a). Bigler (2003) adds that 
neuropsychology should keep up with advances like neuroimaging and incorporate them into 
their practice, as “neuropsychology is the field that connects neural function to behaviour” 
(p.615). Concluding, further research in this field is strongly recommended, but to ensure that 
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Chapter 2 
Neuroimaging Measure of Real Life Planning; Tower of London Compared with 
Daily Life Planning Test in fMRI 
 
Introduction  
Progress in functional neuroimaging has led to additional research options for 
neuropsychologists and, as a result, a further understanding of the connection between brain activity 
and behaviour. Questions still not completely answered, are whether brain injured patients who do 
not spontaneously use compensatory strategies can be taught to do so, and how this compensation 
becomes visible in patterns of brain activation. Involvement in a large multi-centre study about the 
effects of multi-faceted treatment protocol for patients with a dysexecutive syndrome (Spikman et 
al., 2009) offered us the opportunity to study changes in their brain activation patterns before and 
after treatment. In the context of that study, an executive functions (EF) test had to be designed and 
tested for use in the functional Magnetic Resonance Imaging (fMRI) scanner. The present study 
describes a newly developed test and its results in a healthy control group.  
An important part of the multi-faceted treatment concerned planning and goal-management 
or subgoaling: making the goals and sub-goals of activities, and the relations between various goals, 
more explicit and dealing with this explicit goal structure in an orderly way. The cognitive tasks in 
which the strategies were practiced were mainly realistic everyday cognitive tasks, like planning and 
regulating household activities, or planning a holiday. The reason for treatment in these contextually 
rich activities is that the literature on evaluation of cognitive rehabilitation has shown that abstract 
training of strategies, outside a realistic real life context does not generalize to real life situations 
(Brouwer et al., 2002). 
For the assessment of neuropsychological rehabilitation, neuroimaging is increasingly used ( 
Laatsch, Thulborn, Krisky, Shobat, & Sweeney, 2004; Perani et al., 2003; Sturm et al., 2004). These 
studies and neuroimaging research on executive functioning in both healthy and brain-injured 
populations have resulted in a large variety of tests specifically designed for usage inside a scanner. 
The general conclusion is that the prefrontal cortex (PFC) plays an essential but not exclusive role in 
executive functioning and that there are several cortical-subcortical circuits underlying executive 
functioning which all include the PFC (e.g. Andrés, 2003; Sbordone, 2000). In studies on the planning 
component of executive functioning, the Tower of London test (ToL; Shallice, 1982) is frequently 
used. Those studies found PFC activation and in most cases specifically dorsolateral prefrontal 
(DLPFC) or rostrolateral prefrontal (RLPFC) activation. Other areas that were found activated in the 
ToL: anterior cingulate gyrus, insula, and lateral premotor, parietal, and caudate areas (Dagher et al., 
1999; Lazeron et al., 2000;  Newman, Carpenter, Varma, & Just, 2003;  Wagner, Koch, Reichenbach, 
Sauer, & Schlösser, 2006). Unterrainer and Owen (2006) concluded, in an extensive review on the 
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subject, that the ToL seems to involve the mid-dorsolateral frontal cortex in close interaction with 
other cortical and subcortical regions.  
Thus far, the assessment of brain activation has primarily been based on tests involving 
artificial and abstract stimuli, addressing elementary mental functions which are supposed to underlie 
everyday functioning. For the treatment protocol we aimed to evaluate, the ToL would have been 
the obvious choice as it is a typical subgoaling paradigm and used very often in fMRI. However, 
including that test assumes that patients have the ability to generalize treatment in contextually rich 
activities to application in abstract contexts. This form of generalization has not been studied, but is 
likely to be as problematic as generalizing from an abstract training to real life situations (Brouwer et 
al., 2002). To be able to show and assess changes of brain activation following treatment, our fMRI 
paradigm must also allow the application of these newly learned cognitive strategies. To summarize, a 
test is needed that, like the ToL, involves subgoaling and in addition is more ecologically valid.  
In designing such an ecologically valid test, there are two possible approaches: test items 
should resemble situations we encounter in daily life or they should address our EF the same way as 
daily life situations do (Chaytor et al., 2003; Spikman et al., 2000a). In neuroimaging research, this last 
approach requires a test to result in brain activation in those areas which are considered to be 
involved in executive functioning. Regarding the first approach, other studies demonstrated that a 
test which involved planning steps towards a real life goal could successfully be used in a brain-injured 
population ( Cazalis, Azouvi, Sirigu, Agar, & Burnod, 2001;  Dritschel, Kogan, Burton, Burton, & 
Goddard, 1998). In both studies differentiation between healthy controls and patients was possible 
and in Cazalis’ study, the patients’ performance significantly correlated with executive functioning 
measures. Very recently, a similar test which involved subjects to choose the event to occur first in 
the sequence of several daily life activities was successfully used in an fMRI study ( Krueger, Moll, 
Zahn, Heinecke, & Grafman, 2007). 
In the study presented here, a newly developed planning test with concrete real life stimuli 
and everyday problems is administered in fMRI: the Daily Life Planning test (DLP). For this first 
evaluation of the DLP, the test is not yet presented to brain-injured patients, but to a sample of 
healthy participants. There were several reasons for that decision. First, scanning sessions are quite 
tiring and before submitting patients to that we wanted to make sure the test actually resulted in 
clear and meaningful activation patterns. Second, there are more studies on brain activation during 
planning in healthy subjects than in patients to compare our results with. Furthermore, analyses of 
brain activation patterns in brain-injured patients involves many complicating factors: the wide 
variability in anatomical and functional organisation after brain injury, patients’ difficulty to comply 
with movement restrictions, extra time needed relative to healthy volunteers, and test compliance. 
These are all factors that can be taken into account at a later stage, but not in the initial testing 
phase. Finally, the results of this group of healthy controls provide us with data on ‘normal’ brain 
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activation. This can be used as a comparative measure when studying brain injured patients in a later 
phase. The pattern of brain activation in the DLP is compared with the pattern in the ToL controlling 
for other differences between the tests. As both tests involve planning or generation of sub-goals 
towards an end-goal and participants have no impairments in planning, it is expected that the pattern 
of brain activation is similar in both tests. Our main goal is not to find the ultimate location of 
planning in the human brain, but to evaluate brain activation during daily life planning and in that 





Nineteen participants, without executive functioning problems, participated in the study (nine 
women; age range 19-68; mean age 46.3; SD 12.6). Educational level was determined using the seven 
point scale of Verhage (1964) which runs from less than six years primary school (1) to university 
level (7). In this study participants’ educational level ranged from four (first educational level after 
primary school) to seven (university degree), with a mean of 5. The Dysexecutive Questionnaire 
(DEX;  Burgess, Wilson, Evans, & Emslie, 1996) was used to ascertain the absence of  executive 
problems in everyday life. We considered both the score of the participant and of a proxy, i.e. 
someone who knew the participant well. These scores had to fall within one SD from the mean of 
the DEX scores of a large, healthy reference group that was neuropsychologically tested for 
executive dysfunctions. The purpose and risks of the study were explained to the participants, who 
gave written informed consent to participate. The ethical review board of the University Medical 
Center Groningen approved of the study.  
 
Tasks  
Participants were asked to perform two tests in the fMRI scanner: the ToL and the DLP. Stimuli 
were projected on a screen behind the scanner. Participants could see these stimuli via a mirror 
above their head. For both tests, a block design (figure 1) was created in which an active condition 
(60 s) alternated with a control condition (60 s). The control conditions separated out the non-
executive elements of a test, resulting in data on the brain activation during the planning of sub-goals 
in two different tests. This made it possible to compare these different tests solely on their executive 
functioning demands. There were ten blocks in total. Before the first and after each block there was 
a rest period (30 s) in which the participant was instructed to focus on a cross in the middle of the 
screen. These rest periods were included to make the scanning period less exhaustive for the 
participants. Total time inside the scanner was 60 minutes. Both the active and the control condition 
were self-paced, but turned automatically to the rest state after one minute regardless of whether 
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the participant had responded to the current trial. Each block, including rest, started with an 
instruction that was displayed for three seconds. In both the active and the control conditions four 
possible answers were presented at the bottom of the screen. The location of the answers on the 
screen corresponded to the buttons on two response boxes (Fiber Optic Response Devices: 
http://www.crsltd.com/catalog/forp/index.html), which the participant held in left and right hand. By 
pressing one of four buttons the participant could respond. For each participant a unique selection of 
test items was made by random selection from the total list of items to minimize the possible effect 
of test item complexity in the data. Prior to the fMRI experiment the tests were explained and 







Figure 1.  Design of both tests. A =active condition, C = control condition, R = rest, I = instruction, END = end 
text 
 
Tower of London  
The original ToL was adapted for fMRI use. We combined the designs of two previous 
neuroimaging studies on the ToL (Lazeron et al., 2000; Newman et al., 2003) to develop a test which 
resembled the original test the most: with as many answering options as possible and an appearance 
similar to the original test. In the active condition participants were presented with a start and a goal 
position on a single screen (figure 2) (after: Lazeron et al., 2000). Each configuration consisted of 
three differently coloured balls (red, green and blue) placed on rods of different heights. The left 
most rod could hold three balls, the middle two balls and the right rod only one ball. Participants 
were asked to plan internally the minimum number of moves needed to reach the goal position from 
the start position, with the restrictions that only one ball at a time could be moved and only when 
there was no ball on top. Possible answers were: one or two, three, four, and five or more moves 
(after: Newman et al., 2003). Also for the control condition a design was used that proved itself in 
various other studies ( Heuvel van den et al., 2003; Lazeron et al., 2000; Wagner et al., 2006). In this 
condition participants were presented with the same two configurations, but this time were asked to 
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the screen and the number of red and blue balls differed in each new trial. Again, the possible 
answers were: one or two, three, four, and five or more.  
 
 
Figure 2. Example of the Tower of London screen. This display shows a three move problem. The start state is 
presented above the goal state. The participant has to decide how many moves it takes to the reach the goal 
state from the start state. The four possible answers are presented at the bottom of the screen. The placing of 
these answers on the screen corresponds to the four buttons on the response boxes which the participant 
holds in left and right hand. 
 
Daily Life Planning test 
This test consisted of fifteen scripts, each of which described the steps towards a different 
daily life goal (table 1). For each participant, five scripts were randomly selected from these fifteen 
scripts; in each block one script was presented. In that way both the effect of complexity of scripts 
and the possible experience a participant had with a certain script, were levelled out and the average 
brain activation during the planning of steps could be assessed. Four steps, randomly selected from 
the total number of steps (12-25) towards a goal, were displayed on a single screen (figure 3). On 
every trial participants were asked to decide which of these steps would be the first to take in order 
to reach the goal. Participants did not have to keep track of decisions made earlier. In the control 
condition, participants were presented with four sentences of equal length as the sentences in the 
active condition. All four sentences had to be read before deciding which sentence made the least 
sense. Correct sentences were for instance: “Having a conversation with your neighbour” or “I love 
playing the piano”. Nonsense sentences were: “Tomorrow the weather will be green” or “The rabbit 
phoned the queen”. In three trials, spread over the five blocks of the control condition, two instead 
of one nonsense sentence was presented. During instruction participants were told this might 
happen every now and then, but were not told how often it could occur. This forced participants to 
read all four sentences thoroughly and completely understand them before making a decision, similar 
to the active condition. Furthermore, we considered whether the control condition could lead to a 
‘Hayling effect’ ( Burgess & Shallice, 1997). As participants were not asked to actively formulate 
illogical sentences, but were presented with them we expected this effect would not influence our 
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data. In summary, in both the active and control condition participants had to read four short 
sentences, think about the content of the sentence, make a decision, and press a button. The only 
difference was that in the active condition the decision involved planning.  
Besides an fMRI version of the DLP, an office-based version was designed: on a computer 
monitor in the test office. This was used for a first test of sensitivity of the DLP. This version was 
presented, next to the standard neuropsychological tests, to a random group of brain-injured 
patients referred to the department of neuropsychology for neuropsychological assessment. The 
neuropsychologist formulated a conclusion on the patient’s executive functioning without knowledge 
of the DLP score. Afterwards both were compared. 
 
Table 1 Fifteen scripts used in the DLP and 
the number of steps towards a goal described 
in each script.  
 


























Data acquisition  
Magnetic Resonance Images were acquired on a Philips Intera 3.0 Tesla MR system equipped 
with an eight channel sense head coil at the Neuroimaging Center Groningen. Anatomic imaging was 
performed with a whole-brain T1 weighted sequence (TR, 25 ms; TE, 4.6 ms; flip angle, 30°; matrix, 
256 × 256; field of view, 256 mm; slice thickness, 1 mm; number of slices, 160). Functional images 
were acquired with a echoplanar imaging sequence (TR ≈ 3000 ms; TE, 35 ms; flip angle, 90°; matrix, 





Going to the 
cinema 
12 
Organizing a party 12 
Making coffee 12 




Learning a language 16 
Going to work 16 
Going to the bank 16 




Starting a brokers 
office 
20 
Travelling by train 20 
Booking a holiday 20 
Renovating a house 25 
Figure 3. Example of the daily life planning task screen. The 
participant is asked to decide which step to take first when 
the goal is ‘going to the bank’. The four alternatives are 
presented at the bottom of the screen. The placing of these 
possible answers on the screen corresponds to the four 
buttons on the response boxes which the participant holds 
in left and right hand.  
Translation of the steps: 
A. Give the signed check to the employee 
B. Thank the employee 
C. Being called to the counter 
D. Sign the check 
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64 × 64; field of view, 224 mm; slice thickness, 3.5 mm; number of slices, 46). Because the TR varied 
the total number of volumes differed, but was always maximally 315.  
 
Data analysis 
Behavioural data (scores on both conditions in both tests) were analysed individually. 
Participants were excluded from the study if they scored below chance level on the test. Activation 
during the ToL and the DLP was analysed for each test separately both per individual and per group. 
Furthermore, the group activation patterns in both tests were compared to each other (table 2).  
 
Table 2 Contrasts used in analysis of group data and per subject analysis. 
 
Imaging data were analysed using SPM2. Functional data were realigned, normalized and smoothed 
using Gaussian kernel with a full width of half maximum of 10 mm. For group data, random effects 
analysis was applied and second level analysis was performed after first level analysis per participant. 
Voxels with a signal increase during the active condition in comparison to the control condition were 
labelled as positively activated. Active voxels were identified by applying a threshold to the T-maps. 
Family wise error correction (p<0.05, T>4.50) was used in individual analysis and false discovery rate 
adjustment (p<0.05, T>3.00) was used in group analysis. In individual analysis, T-maps were projected 
on participants’ own anatomical images. In group analysis, the T-maps were projected on an 




Tower of London test 
Task performance  
Sixteen (out of nineteen) participants were analysed. Two participants were excluded from 
analysis of the ToL as they performed below chance level on the test and one of them reported to 
have forgotten the instruction once inside the scanner. One participant was not presented with the 
ToL due to technical problems. Most of the participants reported that they found it hard to stay 
focused during the active condition: visualising the moves and changed configurations, and keeping 
Contrasts:  Outcome:  Calculated for:  
ToL active – ToL control ToL positively activated (ToL pos) Each subject separately 
The total group (16 subjects) 
DLP active – DLP control DLP positively activated (DLP pos) Each subject separately 
The total group (18 subjects) 
ToL pos – DLP pos Comparative analysis: stronger 
activation during ToL than during DLP.  
The total group (15 subjects) 
 Comparative analysis: stronger 
activation during DLP than during ToL  
The total group (15 subjects) 
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track of the number of moves was reported as being very tiring. In contrast, the control condition 
was reported to be very easy. Behavioural data reflect these reports: on average 66.8% of the 
answers was correct in the active condition and in the control condition 95.1%. This is a bit below 
accuracy levels in other functional neuroimaging studies using the ToL. A lot of these studies, 
however, include different complexity levels of which the participants were aware or could have 
been expected to be. This means that they actually were presented with a less complicated test 
because a design like that leaves open less answering options.  
fMRI results  
Most activation was found in the parietal and frontal lobes (table 3 and figure 4). In group 
analysis, there was no clear lateralisation of activation found. However, the activation patterns per 
participant showed that the right hemisphere was more often involved or was activated stronger 
than the left in most participants. The parietal lobe evidently played a main role in this test, especially 
the precuneus. It was found activated in all participants and in all but one this activation was bilateral. 
As expected, the frontal lobe was very much involved during the ToL. Activation was spread over 
several frontal areas and showed main activation in the orbital part of the right inferior gyrus.  
 
Daily life planning test 
Task performance  
Eighteen (out of nineteen) participants were analysed; one participant could not be analysed 
due to technical problems. Most participants reported this test to be easier than the ToL. In general, 
less time for instruction or practice was needed. The control condition was found easy to perform, 
but participants did not report the same contrast in level of difficulty between the active and control 
condition as they did after the ToL. On average 61.1% of the answers in the active condition was 
correct and in the control condition 89.3%. Although the average of correct answers in the active 
condition may suggest otherwise, there was no doubt that participants were correctly performing 
the test inside the scanner. This was confirmed by their almost perfect performance during the 
rehearsal session before scanning and their reports after scanning. The cause of the low accuracy 
level became evident after critical examination of the scripts: in some scripts and with certain specific 
combination of steps presented, more correct answers were possible. 
Results of the group of seventeen brain-injured patients assessed with the office based 
version of the DLP were promising. In the majority of patients the DLP score was in agreement with 
the neuropsychologist’s conclusion. This provides preliminary evidence that the DLP is sensitive for 




                                       Neuroimaging Measure of Real Life Planning; Tower of London  




Most activation was found in the parietal and temporal lobes (table 4 and figure 4) and mainly 
in the left hemisphere. Similar to the ToL, the parietal lobe played the main role and in group analysis 
this activation was found exclusively in the left hemisphere. The temporal lobe showed activation 
spread over several areas of which the left medial temporal gyrus showed the most extensive 
activation. In the frontal lobe the activation was less spread and found mainly in the orbital part of 
the left inferior gyrus. In individual analysis the medial frontal gyrus showed activation (above 
threshold) in thirteen participants. 
 
 
Figure 4. Indicates for each brain area how many subjects showed exclusively left, exclusively right or bilateral 





Table 3 Areas of fMRI activation during the Tower of London; active-control condition (mean of 16 subjects).  
Active area Brodmann Peak activation a 
x               y               z 
Cluster 
sizeb 
T Total Subjects  
 1      2      3       4       5       6       7       8      10     12     13     14     15    16     17      19 
Frontal                        
Right inferior orbital 47 40 22 -18 683 5.77 11  2  4 5 6 7 8   13  15 16 17 19 
Left precentral 6 -42 -2 34 85 5.08 7 1 2 3 4 5          17 19 
Right precentral 6 36 -2 38 423 4.91 6  2  4 5  7       16 17  
Left inferior  45/46 -46 44 6 162 4.34 9 1 2  4  6 7  10    15  17 19 
Left middle 11 -40 48 -10 6 3.74 13 1 2 3 4  6 7 8  12 13  15 16 17 19 
Right middle 10 38 54 12 26 3.74 9 1  3  5 6 7  10  13   16  19 
 9/46 40 36 34 9 3.60 10 1 2   5  7 8   13  15 16 17 19 
Parietal                        
Right precuneus 7 6 -56 46 20772 14.48 16 1 2 3 4 5 6 7 8 10 12 13 14 15 16 17 19 
Left angular 39 -40 -58 34 LM 11.61 8   3 4 5      13 14 15  17 19 
Right supramarginal 40 50 -38 40 LM 11.14 11 1 2  4 5   8 10  13  15 16 17 19 
Temporal                        
Left middle 21 -56 8 -20 182 5.31 8 1 2 3    7      15 16 17 19 
Left superior pole 38 -48 18 -18 LM 4.59 3    4   7        17  
Left middle and inferior 37 -44 -60 -6 189 5.03 7 1 2 3    7       16 17 19 
Right middle 21 60 -38 -10 134 4.62 7   3 4  6 7      15 16  19 
Other                        
Left cerebellum  -28 -40 -36 63 4.64 10  2 3 4 5  7 8 10    15 16  19 
Left cingulate gyrus, posterior 29 -8 -44 12 314 4.63 2  2 3              
Left globus pallidus  -12 -4 -4 44 4.14 1                19 
Left thalamus  -24 -32 -2 159 3.98 2  2              19 
Right cerebellum  32 -70 -32 86 3.83 9  2  4 5  7 8 10    15 16  19 
Note: False discovery rate adjustment was used with a p-value < 0.05. Clusters smaller than 5 voxels are not shown. a= Centre of peak activation in MNI-coordinates; b= 
Cluster size indicated in voxels; LM= second or third local maximum in a cluster; Total= the total number of subjects showing significant activation in that area; Subjects= 




Table 4 Areas of fMRI activation during the Daily Life Planning test; active-control condition (mean of 18 subjects).  
Active area Brodmann Peak activation a 
x           y               z 
Cluster 
sizeb 
T Total Subjects 
1      2      3       4       5      6       7      8       9      10     11    12    13     14     15    16     17    18 
Frontal                          
Left inferior orbital 47 -40 46 -4 68 4.05 3    4        12 13      
Parietal                          
Left angular 39 -40 -60 24 19091 12.34 12 1  3   6 7 8  10  12 13 14 15  17 18 
Left precuneus 7/19 -32 -74 42 LM 11.03 13 1 2 3 4 5 6 7   10  12 13  15  17 18 
Left superior 7 -36 -68 48 LM 10.34 1  2                 
Temporal                          
Left middle 21 -64 -36 -8 283 6.54 13 1  3 4 5  7  9 10 11 12 13  15  17 18 
Left inferior 20 -42 10 -38 141 4.86 8 1  3 4  6 7      13    17 18 
Left superior pole 38 -50 22 -24 LM 4.60 2    4         13      
Right middle 21 60 6 -14 33 4.20 7    4 5  7 8  10   13     18 
Right superior pole 38 34 26 -28 46 3.68 0                   
Right inferior 37 46 -48 -10 10 3.48 2            12 13      
Other                          
Left thalamus  -26 -34 2 178 5.75 1       7            
Left cerebellum  -34 -44 -34 158 4.53 4    4  6  8  10         
Right cerebellum  2 -40 -28 70 4.24 6    4   7 8  10  12 13      
Note: False discovery rate adjustment was used with a p-value < 0.05. Clusters smaller than 5 voxels are not shown. a= Centre of peak activation in MNI-coordinates; b= 
Cluster size indicated in voxels; LM= second or third local maximum in a cluster; Total= the total number of subjects showing significant activation in that area; Subjects= 
indicated per subject whether they showed activation in that area. 
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ToL and DLP compared 
fMRI results   
Activation during the active conditions of the ToL and DLP were compared (table 5) using the 
15 participants that successfully performed both tests. DLP showed stronger activation (figure 5) 
in several parietal areas and the left globus pallidus. The ToL showed stronger activation (figure 
6) in the occipital lobe and the left posterior cingulate gyrus. 
 
Table 5 Comparative analyses DLP and ToL; areas of stronger fMRI activation (mean of 15 subjects).  
Active area Brodmann Peak activation a 
  x         y        z 
Cluster sizeb T 
DLP>ToL       
Right precuneus 7 10 -56 48 379 5.86 
Right inferior parietal lobe 40 50 -38 40 233 5.84 
Left supramarginal gyrus 40 -40 -46 36 372 5.61 
Left superior parietal lobe 7 -10 -72 56 223 5.03 
Left precuneus 7 -16 -70 44 LM 4.54 
Left globus pallidus  -12 -4 -8 27 4.78 
Left inferior parietal lobe 40 -60 -38 36 25 4.51 
       
ToL>DLP       
Right lingual gyrus 19 24 -54 -4 338 6.47 
Left posterior cingulate gyrus  -20 -60 4 154 5.57 
Left cuneus 18 -6 -88 22 248 4.42 
Right cuneus 18 2 -86 12 LM 5.24 
Left lingual gyrus 18 -10 -72 0 5 4.25 
Note: False discovery rate adjustment was used with a p-value < 0.05. a= Centre of peak  
activation in MNI-coordinates; b= Cluster size indicated in voxels; LM= second or third local  




Figure 5. Stronger activation in the DLP than in the ToL. Group analysis of fifteen subjects, FDR 
adjustment with p< 0.05.   
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Figure 6. Stronger activation in the ToL than in the DLP. Group analysis of fifteen subjects, FDR 
adjustment with p < 0.05.  
 
Discussion  
This study was designed as a first step in the development of a test for fMRI that 
involves subgoaling and in addition has a higher ecological validity than tests used thus far. Two 
tests were analysed separately and in comparison to each other: the well-known ToL and the 
newly developed DLP. We evaluated the similarities and differences in brain activation between 
the tests. The brain areas found activated during performance of the ToL corresponded with 
results of previous neuroimaging studies using this test (e.g. Dagher et al., 1999; Lazeron et al., 
2000; Newman et al., 2003; Wagner et al., 2006). Therefore we can conclude that, like in these 
other studies, our fMRI version of the ToL activated those brain areas associated with 
subgoaling. Comparative analyses (table 2) showed there was a great deal of similar activation 
during both tests. There were no clear differences in lateralisation of activation and no 
differences were found in the frontal lobe; a strong indication that the demands of both tests on 
frontal processes were similar. As we designed the DLP to involve subgoaling, like the ToL, and 
both tests were presented to healthy participants this was expected beforehand.  
There were also differences in brain activation found. These did not come unexpected 
as our intention was to design a test making different, more real-life, demands on participants 
than the tests used up till now. The differences between the two tests consisted of small 
clusters of activation mainly in the parietal and occipital lobe. The DLP showed stronger 
activation in the parietal lobe and the ToL in the occipital lobe. First of all, the stronger parietal 
activation during the DLP is intriguing. The parietal lobe is particularly known to underlie visuo-
spatial information processing (e.g.  Cavanna & Trimble, 2006; Newman et al., 2003;  Selemon & 
Goldman-Rakic, 1988) and the ToL rather than the DLP can be expected to have spatial 
demands. It seems unlikely that the DLP also involves visuo-spatial processes and certainly not 
to a larger degree than the ToL. However, as the control condition of the Tol also involves 
visuo-spatial processing (searching the screen for the red and blue balls) a large part of the 
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parietal activation may have been filtered out and that may have resulted in stronger parietal 
activation in the DLP. Still the question remains what might have caused this strong parietal 
activation in the DLP. There are other functions that are more and more linked to parietal 
areas. First, we know that parietal areas are also involved in executive functioning (e.g. Cavanna 
et al., 2006;  Fassbender et al., 2004; Szameitat et al., 2002). Could the stronger parietal 
activation be a sign of stronger involvement of executive processes during the DLP than during 
the ToL? Second, specifically precuneus activity is hypothesised to underlie self-reflection 
processes, possibly involving mental imagery and episodic/autobiographical memory retrieval 
(Cavanna, 2007). All three functions are very likely to be recruited during subgoaling in daily life 
and from autobiographical memory we know that it is linked to EF (Dritschel et al., 1998). Third, 
mind wandering or spontaneous thought is suggested to be related to a set of particular regions, 
including the precuneus and temporo-parietal cortex ( Grecius, Krasnow, Reiss, & Menon, 2003;  
Raichle et al., 2001). Such spontaneous thought processes occur frequently when no task is 
present or when task demands are low. The behavioural data ensured us that our participants 
did perform the test as instructed and since the test was self-paced it is unlikely that the task 
demands were too low. It is plausible, however, that the thought processes during the DLP 
show overlap with those during mind wandering: “Should I phone aunt Mary once I am home, or 
should I first ask my mother how she is doing?” or “What shall I buy for diner this evening, are 
there still potatoes left?”. Certainly, in many cases mind wandering involves subgoaling as well. 
Concluding, the extra parietal activation during the DLP seems to indicate involvement of 
factors playing a role during planning or subgoaling in daily life. 
An explanation for the stronger occipital activation during the ToL might be that, during 
the active condition of the ToL, participants are explicitly asked to use visual imagery to solve 
the problem they are presented with. It has been found that visual imagery depends on largely 
the same neural substrates as normal visual information processing (e.g.  Klein et al., 2004;  
Sparing et al., 2002). The DLP does not demand visual imagery as explicitly as the ToL does. 
Therefore the DLP is expected to show less activation in those areas. The use of visual imagery 
during the DLP is very well possible, as we already discussed, but our results suggest participants 
used it to a lesser extent than during the ToL. Further research on these hypotheses on the 
differences between both tests is worthwhile. It will increase our understanding of the 
underlying processes responsible for the brain activation in both tests with the eventual goal to 
find those factors essential in an ecologically valid fMRI test. 
After the first successful application of the DLP to a group of participants in fMRI, 
additional steps have to be taken to further improve the DLP and to further prove (clinical) 
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relevance of the DLP. First, the rare possibility that more answers are correct in the DLP should 
be ruled out or controlled for. The last option is better as it incorporates more individualized 
planning in the test. Second, it was confirmed that the office-based version of the DLP can 
objectify executive dysfunctioning. However, only a small sample was tested. It is recommended 
to additionally assess a larger group of brain injured patients with diverse aetiologies and a large 
group of healthy controls. This provides further information on the psychometric properties of 
the DLP. Third, sensitivity would have to be tested by comparing brain activation patterns of 
healthy controls to those of patients with executive functioning problems. Fourth, we found that 
the individual analyses of the eighteen participants performing the DLP differed substantially 
from the DLP mean activation, mainly frontally. It appears that the frontal areas recruited during 
performance of the DLP differed much more from one participant to another than during the 
ToL. These results suggest that participants chose an individual approach for the problem at 
hand. In this individual approach they might recruit several functions either separately or in 
conjunction. We realise that this is a tentative conclusion as it is based on visually comparing the 
patterns of group activation with those of each participant, but it seems very plausible and is 
worthwhile exploring further. The functions involving parietal activation, discussed above, should 
also be included in this study as the DLP showed more parietal activation than the ToL. 
Participants could be interviewed how they solved a specific planning problem. Did they try to 
imagine a solution, did they solve the problem by logical deduction of the steps or did they go 
back in memory to the last time they handled a similar situation? Taking these approaches to a 
test item into account in the analysis of brain activation, might lead to more distinct brain 
activation patterns related to certain strategies in subgoaling. Finally, the DLP is an improvement 
as it relates more to daily life than other tests used thus far. It can certainly be a valuable 
addition to or even replacement of the ToL in EF research. However, as in all EF tests, even in 
the DLP there are still essential executive functioning elements missing. For instance: the long 
time span over which actions must be performed, the absence of external cueing, and the ill-
structured situation in which the action takes place. Incorporating all these elements in a test for 
fMRI seems impossible at present, but it might be possible in future and should be taken into 
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Information from neuropsychological assessment can serve several purposes including ruling 
out or confirming diagnoses or deciding which treatment a patient should be offered. Another 
major purpose is the prediction of a brain-injured patient’s functioning in daily life situations: 
whether he or she will be safe at home, be able to resume previous work, or to resume any 
other daily life activities. Central to this last purpose is the process of translating test results 
into expected performance in real-life situations. However, most neuropsychological tests do 
not provide the information needed to make evidenced-based recommendations, and this issue 
is probably even more relevant where executive functions (EF) are concerned.  
Whilst there have been a number of definitions of ecological validity, in a neuropsychological 
context it has been defined by Sbordone (1996) as: “the functional and predictive relationship 
between the patient’s performance on a set of neuropsychological tests and the patient’s 
behaviour in a variety of real-world settings” (p. 16). One approach to the development of 
ecologically valid tests is to use test items or tasks that resemble situations we encounter in 
everyday life ( Burgess et al., 2006b; Chaytor et al., 2003; Spikman et al., 2000a). Of course, 
simply resembling everyday situations does not guarantee that performance in the test 
environment will predict behaviour: in real-life this has to be empirically established. 
In relation to the estimation of a person’s executive functioning in daily life situations, 
neuropsychological tests have fallen short. Well known tests for EF are: the Trailmaking test, 
Stroop test (Stroop, 1935), Wisconsin Card Sorting test (WCST; Berg, 1948), Tower of London 
test (ToL; Shallice, 1982), and the Behavioural Assessment of Dysexecutive Syndrome (BADS; 
Wilson et al., 1996). In this list of tests, the BADS is the most ecologically valid measure widely 
available. It has been shown to be more sensitive to everyday executive dysfunction than other 
measures  ( Bennett, Ong, & Ponsford, 2005a; Wilson, 1993;  Wilson, Evans, Emslie, Alderman, 
& Burgess, 1998), but it is also limited in its ability to predict everyday functioning in patients 
with brain injury ( Norris & Tate, 2000b; Wood et al., 2006). Manchester (2004) suggested that 
office-based tests of executive functioning might be of use when deciding on rehabilitation 
approaches, but the assessment of executive deficits in daily life may be best achieved by 
naturalistic assessment measures combined with information of significant others. 
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The reason why most neuropsychological tests are not very good at predicting everyday 
functioning may lie in the fact that many of the tests in use today were developed within a 
diagnostic tradition (Chaytor et al., 2003), where the primary purpose is to determine whether 
or not a cognitive impairment is present. Burgess et al. (2006b) discuss how, particularly in 
relation to executive functioning, this approach has led to the development of tests that were 
not good at predicting actual behaviour in everyday life. 
Executive functioning is broadly defined in terms of problem-solving, a concept which 
incorporates processes such as planning, goal formation, and goal management (Duncan, 1986; 
Levine et al., 2000;  Shallice & Burgess, 1996). Everyday executive functioning involves 
maintenance of multiple goals and sub-goals, with priorities that change over time requiring self-
initiative, self-monitoring, and self-regulation. A test which aims to predict everyday executive 
functioning must therefore be sensitive to these types of cognitive ability.  
The Executive Secretarial Task (Spikman et al., 2009) was designed using a function-led 
approach as recommended by Burgess et al. (2006b). These authors state that the development 
of most tests has been based on a theoretical construct or cognitive resource. Those tests 
provide information on hypothesised resources which is not easily translated into real-life 
functioning. Especially where such complex functions as EF are concerned, test development 
based on a function, or the directly observable behaviour is most likely to result in a test fit for 
clinical purposes. A function-led approach in test development would for instance ensure that 
the actual situation in which the assessment takes place is more like daily life and that more 
elements involved in the complex process of EF are being assessed. The EST extends over a 
longer period of time than most traditional EF tests, requiring organisation and prioritisation of 
multiple tasks, while delayed intentions, interruptions and deadlines have to be dealt with. In this 
first phase of studying the EST, we examined whether it discriminated between healthy controls 
and brain-injured patients known to have deficits in EF. In subsequent studies we will examine 
whether the EST also discriminates between brain-injured patients with and without EF 
problems. Furthermore, we expect the EST to be able to clarify which components of the EF are 
most damaged. With that information neuropsychologists should be able to predict performance 
in a specific daily life situation. This in turn should lead to useful recommendations to overcome 





                                                  A Real-Life, Ecologically Valid Test of Executive Functioning:  





The task was administered to 35 brain injured patients and 57 healthy controls (table 1). 
Participants in the healthy control group were recruited via advertisements in local newspapers. 
The patients were participants in a study evaluating a new multifaceted treatment of executive 
dysfunction (Spikman et al., 2009). The EST was part of the six-month follow-up measurement in 
that study. In Spikman et al.’s (2009) study, the patients were randomly assigned to either the 
experimental treatment group or the control treatment group. The reason to include a control 
intervention instead of a no-treatment group was the avoidance of differences in expectations 
between both patient groups. In the present study the experimental group was excluded as 
those patients had been exposed to an intervention specifically designed to improve executive 
functioning. The control group had participated in a computerized training (CogPack) aimed at 
improving cognitive functioning in general. This training was not expected to result in 
improvements of executive functioning any more than resuming daily life without treatment 
would. Data supported this assumption (Spikman et al., 2009). The study took place in seven 
rehabilitation centres and two academic centres in the Netherlands. In order to be included the 
patients had to have Acquired Brain Injury (ABI) of a non-progressive nature, for instance TBI, 
stroke or cerebral tumours, with a minimal time post onset of three months and no maximum. 
Furthermore, they had to be in the age range of 17-70 and had to live in their home situation, 
that is, they should not be hospitalized or living in a sheltered environment. Finally, patients had 
to be referred for outpatient rehabilitation treatment because of post-injury problems of a 
clearly dysexecutive nature, either reported by themselves or observed by others. These 
problems had to hamper the resumption of previous activities and roles. If according to the 
judgment of the rehabilitation physician, using a checklist for dysexecutive problems, patients 
fulfilled these criteria, verbal and written information about the study was provided to patients 
and proxies. If patients gave their informed consent to participate, they subsequently underwent 
a neuropsychological examination to determine whether definitive inclusion could take place.  
  
Measures 
The Dysexecutive Questionnaire (DEX; Burgess et al., 1996) was used to determine the 
presence of executive symptoms in everyday life. One version of the questionnaire was 
completed by the participant, another was completed by a proxy, i.e. someone who knew 
44   Chapter 3 
 
the participant well (usually, but not always the partner). A third copy was completed by a 
therapist (usually a neuropsychologist) who was not further involved in this study.  
The Executive Observation Scale (EOS) is a translation of the observation list 
developed by Pollens (1988). It consists of eight items covering both cognitive and behavioural 
aspects of executive functioning in everyday tasks: awareness, planning, goal setting, self-
initiation, self-inhibition, self-monitoring, ability to change set, strategic behaviour. Each of the 
items is rated on a Likert scale from 1 (representing complete inability) to 4 (representing 
completely independent and able) and the total score therefore ranges from 8 to 32. The EOS 
was completed by a therapist, who had knowledge of the patient’s performance in daily life 
situations and was not involved in the EST assessment.  
In order to measure executive functioning on a participation level, the Role 
Resumption List ( Brand & Brouwer, 2002; RRL;  Spikman, Brand, & Brouwer, 2003) was 
administered. This is a structured interview making an inventory of objective changes, compared 
to premorbid level, in quality of activities and time spent on four areas of everyday life 
(vocational functioning, leisure activities, social interaction with partner and family, and mobility). 
This interview was administered by a neuropsychologist not further involved in the study. 
Through observations and the information gathered during the interview this therapist got to 
know the patients well enough to additionally complete the EOS and the DEX. Based on the 
interview, each of these four areas is rated on a five-point scale, judging whether and how much 
the patient’s role-behaviour has changed since brain injury. It includes a return to work scale 
similar to the one used by Van Zomeren and Van den Burg (1985), whereby a score of 0 
indicates that former work or study have been resumed without changes, and a score of 4 
indicates “not working at all”. For the other subscales a score of 0 represents no change and a 
score of 4 represents a severe loss of independence compared to premorbid functioning. The 
scores for the four domains were added up to a total score.  
Two non-executive tests were included to provide information on cognitive functioning. 
The time score on the Trail Making Test part A (TMT A) was used as an indication of 
information processing speed. Memory was tested with the 15 Words test, a Dutch version of 
Rey’s Auditory Verbal Learning Task ( Deelman, Brouwer, Zomeren van, & Saan, 1980). The 15 
Words test total score was used in analysis.   
The Behavioural Assessment of the Dysexecutive Syndrome (BADS; Wilson et 
al., 1996) was administered in its Dutch translation ( Krabbendam & Kalff, 1997) as it is the best 
available test battery for EF. This test was designed as an ecologically valid test of EF and consists 
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of six subtests, all tapping different aspects of EF. These are: the Rule Shift Card Test (RS), the 
Action Program Test (AP), the Key Search Test  (KS), the Temporal Judgement Test (TJ), the 
Zoo Map Test (ZM), and the Modified Six Elements Test  (MSET). A parallel version for the Zoo 
Map was used in the Spikman et al. study (2009) to prevent re-test effects: the Shopping Centre 
test (SC;  Spikman & Landskroon, 2000b). Therefore some of the participants in the present 
study had also been assessed on the SC. The designs had the same difficulty level which was 
confirmed when comparing the scores on the ZM and SC in a large group of healthy elders (155 
participants; mean age 74; data collected within the Groningen Intervention Study on Successful 
Aging). We used the summary BADS age score in our analyses.  
Finally, the EST (Spikman et al., 2009) requires organization and prioritisation of 
multiple tasks over a long time span, while dealing with delayed intentions, interruptions and 
deadlines. In this three hour-task a job assessment procedure is simulated. It is comparable to 
the Multiple Errands Test (Alderman et al., 2003; Shallice et al., 1991)  or the Hotel Task (Manly 
et al., 2002). Participants are alone in a room with a box containing several simple secretarial 
assignments (see Figure 1). Furthermore, they are provided with a phonebook, calculator, 
telephone, some office supplies, a list with company rules, a planning aid in the form of a day 
agenda, and a map showing the participant’s office and neighbouring offices. The assignments 
have to be organized, initiated and executed; some of them with a deadline. Examples are: filling 
in zip codes on envelopes and posting them in time for the external post round; counting the 
supplies and replenishing the stocks by delivering the order form in time at the right place; or 
searching for suitable restaurants for the company dinner in the phonebook. A unique feature of 
this test is that, unlike most other EF tasks, it taps self-initiation: the instruction does not 
provide more information than that the participant can find assignments in the box and that 
these all have to be carried out. No further cues are provided on how or when to carry out 
these assignments. Necessary materials and information are all available, but have to be actively 
searched for. For example, in one of the assignments the participant has to make a travel 
schedule for specific dates and destinations. This can be done by using the telephone (and for 
which the instruction for use can be found in the list with company rules), but the participant is 
not explicitly told to use the phone for this purpose. At fixed times only, questions can be asked 
to the “manager”. During the assessment, the participant is interrupted with an urgent new 
assignment. The task yields three scores (for details on calculation see Figures 2 and 3): 
Initiative, reflecting all the actions the participant has initiated without being told so; Prospective, 
reflecting all the actions that were correctly carried out on a later moment; and Executive, 
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reflecting all the actions that were correctly carried out at all. Together these scores form the 
total score.  
All measures were part of the large battery of tests used in the study by Spikman et al. 
(2009). The patients in that study underwent three assessments and the healthy controls only 
one. In order to avoid the possibility of practice effects, the EST was only administered at the 
follow-up time point. The EOS, RRL, TMTA and 15 Words test were not presented to the 
healthy control group. In the present study, we used the patients’ TMTA, 15 Words test, BADS 




 The two groups of participants were tested to determine whether they were matched 
on age and educational level. The normality of test scores was examined to determine whether 
it was appropriate to use parametric statistical tests. A t-test was used to test whether groups 
differed from each other on the neuropsychological measures. Finally, in the patient group 
correlations were determined between the EST scores and the BADS, DEX, EOS, and RRL 





In total, 92 participants were included: 35 patients, and 57 healthy controls. Table 1 
shows the characteristics of the two groups. The groups were well matched on age and 
educational level. In the distribution of men and women, both groups differed slightly. This had 
no effect on test results. In the patient group etiology and months since brain injury are also 
presented. With an average of 45 months since brain injury it is clear that these patients were in 
the chronic phase after their injury. Most of the patients suffered either a stroke or TBI. Other 
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Table 1 Demographics of Participants 
 










Age 44.4  




Edu 4.8  
(1.2 / 2-7) 
5.3  
(1.0 / 3-7) 
.516 
M/F % 63 / 37 40 / 60 .02 
Months 45.8  




31 / 54 / 14 NA NA 
Edu = educational level (determined using the seven point scale of Verhage (1964) which runs from less 
than six years primary school (1) to university level (7)); Months = number of months since brain injury; 
Etiology = TBI / stroke / other 
 
All measures showed highly significant differences between healthy controls and the 
brain-injured patients (table 2). As expected the BADS and the DEX differentiated very well 
between patients and healthy controls. Especially the therapists’ DEX was a successful measure. 
This might have been expected as the therapists participating were all experienced and would 
not have much trouble recognising EF problems. Also the EST proved to differentiate between 
both groups: not only on the EST total score, but also on the different subscales.  
 





BADS 85.8 (14.0) 102.3 (12.3) 
DEX patient 30.8 (14.0) 18.3 (8.6) 
DEX proxy 31.6 (15.7) 18.1 (9.9) 
DEX therapist 35.3 (11.7) 10.1 (6.6) 
EST total 
(0-45) 
28.3 (10.3) 37.4 (5.6) 
EST initiative 
(0-13) 
9.5 (3.2) 11.5 (1.9) 
EST prospective 
(0-8) 
5.2 (2.2) 6.7 (1.5) 
EST executive 
(0-24) 
13.6 (6.2) 19.1 (3.5) 
HCvsP 
 (1-tailed) 
  T       p    Cohen’s d 
5.9      ***      1.25 
 
-4.7     ***      1.08 
 
-4.4     ***      1.03 
 
-11.7   ***      2.65 
 
4.8      ***       1.10 
 
3.4      ***       0.76 
 
3.7      ***       0.80 
 
4.8      ***       1.09 
***p<.00 
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In the patient group the EST total score showed a significant correlation with the 
Behavioural Assessment of the Dysexecutive Syndrome (BADS), the Dysexecutive 
Questionnaire (DEX) proxy, and the DEX completed by the therapist (table 3). This showed 
concurrent and ecological validity of the EST in a clinical population. The BADS correlated 
significantly with DEX-therapist and this correlation was stronger than that between the EST and 
the DEX-therapist. The BADS did not correlate with the DEX proxy, though the level of 
correlation was only just below that between the EST and DEX proxy. Both the EST and the 
BADS showed no significant correlation with the patient’s DEX. This is most probably due to a 
lack of insight of the patients something that has been a consistent finding in previous studies 
with the BADS ( Bennett, Ong, & Ponsford, 2005b; Burgess et al., 1996). To test for discriminant 
validity, the correlations of the EST with the 15 Words test (.233), and the Trail Making Test 
part A (-.214) were determined. No significant correlation was found.  
 
Table 3 Correlations BADS, DEX and EST in the patient group 
 EST total BADS DEX 
patient  
DEX proxy  DEX 
therapist 
EST total 1 .438(**) -.022 -.305(*) -.290(*) 
BADS  1 -.252 -.203 -.357(*) 
DEX patient   1 .542(**) .526(**) 
DEX proxy    1 .455(**) 
DEX therapist     1 
**  Correlation is significant at the 0.01 level (1-tailed). 
*  Correlation is significant at the 0.05 level (1-tailed). 
 
 
We determined correlations between the EST and the Executive Observation Scale 
(EOS) (table 4) and Role Resumption List (RRL) (table 5) to test whether the EST could indeed 
serve as an indicator of which component of EF is most damaged and whether the EST had 
predictive value for daily life functioning. The EST correlated significantly with most of the 
subscales of the EOS and in general higher correlations were found between subscales of the 
EST and EOS that aim to measure the same component of EF. These results indicate that the 
EST is able to predict performance in daily life situations and provides a therapist with useful 
information on which components of EF need most attention in treatment of a patient. In 
comparison the BADS appeared to correlate less with the EOS (table 6), but the levels of 
correlations are broadly similar to those between the EST and the questionnaires. In some cases 
relations between the BADS and EOS were found between subscales designed to measure the 
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same component of EF, but in other cases these expected correlations were not significant. For 
instance, the BADS ZM/SC showed no significant correlation with the planning scale of the EOS.   
The EST showed significant correlations with several scales of the RRL. In particular, the 
EST-executive subscale proved to have predictive value as it correlated significantly with three of 
the areas of everyday life measured by the RRL. This suggests that the EST can give an indication 
of executive functioning at a participation level. None of the EST subscales showed a significant 
correlation with the vocational score on the RRL. Also in the case of the RRL the BADS 
appeared to show lower levels of correlation (table 7), but again the correlations are broadly 
similar to those found between the EST and the RRL.  
 



































.096 .523(**) .419(**) .358(*) .081 .208 .138 .367(*) .376(*) 
EST  
total 
   
.127 .497(**) .395(**) .320(*) .180 .223 .199 .384(*) .402(**) 
** Correlation remains significant after Bonferroni correction 
**  Correlation is significant at the 0.01 level (1-tailed). 





Table 5 Correlations EST and RRL in the patient group 
  RRL 
vocational 





EST initiative -.188 -.326(*) -.160 -.177 -.299(*) 
EST prospective -.176 -.160 -.191 -.157 -.232 
EST executive -.143 -.332(*) -.303(*) -.310(*) -.373(*) 
EST total -.182 -.335(*) -.273 -.275 -.367(*) 
*  Correlation is significant at the 0.05 level (1-tailed). 









Table 6 Correlations BADS and EOS in the patient group 
 
**  Correlation is significant at the 0.01 level (1-tailed). 
After Bonferroni correction no significant correlations were found.  
 












*  Correlation is significant at the 0.05 level (1-tailed). 
After Bonferroni correction no significant correlations were found.  
 
 Finally, sensitivity and specificity of the EST were analysed using various cut-off scores 
for the EST. The EST resulted in clear differences between both groups and a cut-off score for 
maximum specificity and sensitivity (table 8) could be suggested: 34-35. With the cut-points 
examined, optimising sensitivity and specificity still means that a proportion (around 25%) of the 
healthy controls was below the cut-off. However, within the healthy control population there 
will be some variation in executive functioning, comparable to IQ, and so 100% specificity would 
























RS  -.042 -.107 -.366(*) -.074 -.360(*) -.096 .017 -.252 -.218 
BADS 
AP -.206 .187 -.111 -.146 -.094 .015 .005 -.031 -.060 
BADS 
KS  -.005 .314(*) .164 .004 .216 .130 .154 .122 .171 
BADS 
TJ -.121 -.106 .140 .284(*) -.131 -.144 -.155 .099 -.028 
BADS 
MSET  .122 .131 .122 .258 .206 .131 .277 .355(*) .291(*) 
BADS 
ZM/SC  -.148 -.119 .083 -.266 .009 .235 -.091 .201 -.032 
BADS 
total  -.066 194 .240 .057 .298(*) .068 .146 .301(*) .211 
 RRL 
vocational 





BADS RS .183 .078 .279 .142 .225 
BADS AP .060 -.095 .044 -.087 -.030 
BADS KS -.216 -.229 -.223 -.131 -.276 
BADS TJ .261 -.057 .209 .079 .155 
BADS MSET -.205 -.229 -.293(*) -.134 -.296(*) 
BADS ZM/SC -.025 .312(*) .043 .150 .177 
BADS total -.219 -.150 -.241 -.014 -.216 
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Table 8 Possible cut-off scores for the EST 
EST total 
score 




22 28.6% 100% 0% 71.4% 
26 37.1 94.7 5.3 62.9% 
28 45.7 87.7 12.3 54.3 
30 57.1 82.4 17.6 42.9 
32 68.6 78.9 21.1 31.4 
33 69.5 77.2 22.8 30.5 
34 70.5 75.4 24.6 29.5 
35 71.4 71.9 28.1 28.6 
36 80.0 63.2 36.8 20.0 




 The results of this study suggest that the Executive Secretarial Task (EST) gives valuable 
information on the executive functioning of brain-injured patients in daily life situations. The test 
proved to discriminate between healthy controls and brain-injured patients with deficits in 
executive functions (EF) and it gave indications on what aspects of EF were most damaged in the 
patient group. We can therefore conclude that this first phase of studying the use of the EST in a 
clinical population suggests that the EST can provide the neuropsychologist with very useful 
information, in the diagnostic phase as well as with indication for treatment and when deciding 
on specific goals for treatment. Above all, we demonstrated that scores on the EST are 
associated with executive functioning in daily life situations. This research has provided enough 
positive evidence to continue studying this test with the eventual goal of implementing it in 
clinical practice. 
 The fact that this was the first time the EST was administered to a clinical population led 
to several suggestions for improvement of the test and to future research options with the EST. 
First of all, the EST showed it could discriminate between healthy controls and brain-injured 
patients with EF problems. The next step in the process of testing its use for clinical practice 
would be to test whether the EST can also discriminate between brain-injured patients with and 
without EF problems. This would also provide information on the question whether scores on 
the EST potentially might have been sensitive to multiple deficits in the patient group and not 
just dysexecutive functioning. The EST is designed in such a way that this is not likely to be the 
case: there is no time pressure, the tasks are not intellectually challenging, and memory (with 
the exception of prospective memory) does not play a role as the instructions can be consulted 
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whenever the participant wants to. Another positive sign was of course the EST scores showing 
no significant correlation with scores on the tests used to assess memory and information 
processing speed. Whilst there was no significant correlation between these measures and the 
EST, further examination of the specificity of the EST in relation to detection of deficits in 
executive functioning would be useful. Second, predictive value of the EST in daily life situations 
should be tested on a more practical level, not only through questionnaires. For instance, is it 
successful in the process of selecting which job or other daily life activities a brain-injured 
patient can resume? Results of the present study suggest that on many activities the EST can give 
valuable information, but the modest correlations with the Role Resumption List (RRL) do not 
allow firm conclusions on this subject. It seems that especially where vocational functioning is 
concerned, the EST did not provide sufficient information. There are two plausible explanations 
for that. To begin with, all unpaid vocational activities like voluntary work or being a housewife 
are not registered by the RRL. For many patients this was in fact the work they returned to 
after brain injury. Besides that, for most patients work is the last of the four activities in daily 
life, measured by the RRL, they start with again. Most of them might not even have started 
thinking about resuming their work again. It is likely that in a later phase of recovery, when 
patients have started working again, the EST does show predictive value. To test these 
hypotheses, information on unpaid work should be added and data on vocational functioning 
should be collected even longer after ending rehabilitation treatment. Third, in the present study 
the choice was made to compare baseline scores on the TMTA, 15 Words test, BADS and the 
DEX with follow-up scores on the EST, RRL and Executive Observation Scale (EOS). The reason 
behind this was that the EST was expected to give most valuable information at follow-up. To 
avoid a retest effect, for which especially EF tests are notorious, it could only be administered 
once. The BADS was needed for inclusion, therefore it had to be administered at baseline. 
Comparing the EST with the BADS score at follow-up (for patients the third confrontation with 
the BADS) was no option, again because of the retest effect. One could argue that the time lag 
had an effect on the results and further study should take this into account. However, as we 
only included patients who were presented with the control treatment and healthy controls, we 
did not expect changes in executive functioning over six months. Furthermore, all patients were 
in the chronic phase, so spontaneous recovery resulting in improvement of test performance 
over time was not likely. Finally, future validation studies could include a test of prospective 
memory, such as the CAMPROMPT ( Wilson et al., 2005), to analyse its impact on task 
performance and it would be useful to examine whether past experience of secretarial work has 
an impact on performance.  
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Working with the EST also revealed some disadvantages of the test which in most cases 
are inevitable in the measurement of real-life executive functioning. An obvious disadvantage of 
the EST is that it is a long test, but this is inherent in a measure of real-life executive functioning. 
In daily life, plans have to be kept active over time and whether prospective memory is limited 
or not can only be tested with a test that also stretches over a longer period of time. It would 
be a challenge though to adapt the EST for use in time-limited clinical practice. Another 
disadvantage falling in the same category of inevitable disadvantages is that the EST does not 
seem suitable for retesting. We did not test this here, but as EF are only really addressed in new 
situations where a person has to generate alternative behaviour instead of the usually performed 
routine behaviour it seems obvious that a test can only give reliable results the first time it is 
administered. Therefore, retesting, for instance to keep track of a person’s improvements in EF 
after treatment, can only be done by a specially designed parallel test. This might be an 
interesting next challenge in the process of developing an ecologically valid test for EF.  
 A very practical issue that arose while working with the EST was the possibility of using 
a computer linked to the internet. The absence of this possibility did not give any problems in 
this population as they were all still able to find the required information in a phonebook. 
However, some participants explicitly asked whether there was a computer they could use.  





• Envelope: internal mail : post these letters on time (room numbers have to be added) 
• Envelope: external mail: post these letters on time (postal codes have to be added) 
• Envelope: look up train departure times for specified dates and locations  (solved by phoning 
travel information line) 
• Envelope: supply stock to the needed amounts. Deliver stock supply form on time at stock 
suppliers (there is a fixed budget for this. The price list (in folder ‘important information’) 
shows the prices. A certain amount remains and patient can chose to spend it on one of two 
larger purchases (only one can be bought for that amount of money). 
• Envelope: find as many restaurants in 5 towns in the province of Friesland where you can enjoy 
a good meal (no fast-food) with ca. 60 persons. Make a list for the company trip: telephone 
book or yellow pages can be used. Write down names, addresses and telephone numbers of 
these restaurants.  
• Sheet of paper: Write down what you have done on this agenda. 
 
Interruption 1.5 hours after starting the task (sooner if patient works very fast): 
• Urgent: deliver note at (employee two offices down the hall) with message: appointment with 
Mrs. Kolenbrander at 11.30 is cancelled. This message has to be delivered before 11.30.  
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Number:          Date:   
Task Action Score  Notes 
1. Internal mail: 
A. Room # added (2 pnt) 
B. Posted on time (2 pnt) 
C. Posted in correct box (1 pnt) 
 
2. External mail: 
A. Usage phonebook own initiative    (2 
pnt) 
B. Posted on time (2 pnt) 
C. Postal codes added correctly (3 pnt) 
D. Posted in correct box (1 pnt) 
 
3. Travelling schedule: 
A. Phoned travel information or 
tried to (3 pnt) *1 *2 
B. Schedules are correct (1 pnt per 
correct schedule, max. 3 pnt) 
 
4. Stock: 
A. Usage price list own initiative (2 pnt) 
*2 
B. Delivered on time (2 pnt) 
C. Delivered at stock suppliers(1 pnt) 
D. Supplied stock correctly (4 pnt) *3 
 
5. Company trip: 
A. Usage yellow pages own initiative (2 
pnt) *2 
B. > 4 restaurants, in > 2 towns (2 pnt) 
C. Written down restaurants for larger 
groups (2 pnt) 
 
6. Interruption: 
A. Answered phone (2 pnt) 
B. Message is delivered on time (2 
pnt) 
C. Message is delivered at correct 
door (1 pnt) 
 
7. Agenda: 
Written down which task is done when (1 
































































































































*1 Add accurate description how pat has performed this task 
*2 Asking a question forcing the test leader to give a hint results in 1 pnt reduction, asking for confirmation of own idea no 
reduction 
*3 every mistake: 1 pnt reduction 
Figure 2. Score form for all individual assignments. 
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Scoreform EST part 2  Name:       Number:      Date: 
 
 Add up scores Max. score Participant score 
initiative 1A, 2A, 3A, 4A, 5A, 6A 13  
prospective 1B, 2B, 4B, 6B 8  
executive 1C, 2CD, 3B, 4CD, 5BC, 
6C, 7 
24  
    
total All tasks 45  
Evaluation test leader 
1. What is your impression of the adequateness of the asked questions? 
not adequate 1 – 2 – 3 – 4 – 5 very adequate 
 
2. What is your impression of the adequateness of the planning? 
not adequate 1 – 2 – 3 – 4 – 5 very adequate 
 
3. What is your impression on how much effort the participant had to put into this test? 
a lot 1 – 2 – 3 – 4 – 5 hardly any 
 
4. What is your impression on the overview the participant had? 
       a lot 1 – 2 – 3 – 4 – 5 hardly any 
Questions for participant 
1. Own impression on how  well the tasks have been performed 
not adequate 1 – 2 – 3 – 4 – 5 very adequate 
 
2. Did you have enough time? 
  far to little 1 – 2 – 3 – 4 – 5 far too much 
 
3. What was your experience of time passing? 
     passed slowly 1 – 2 – 3 – 4 – 5 passed quickly  
 
4. How much distraction did you experience?  
a lot 1 – 2 – 3 – 4 – 5 hardly any 
 
5. How exhausting was the task? 
         very 1 – 2 – 3 – 4 – 5 hardly 
Any other complaints or observations? 
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Effects of a multifaceted treatment program for Executive Dysfunction after 
Acquired Brain Injury on indications of executive functioning in daily life 
 
Introduction 
Executive dysfunction (ED) is a frequent and disabling consequence of acquired brain 
injury (ABI), impairing patients in their abilities to function independently in daily life.  
Executive functions (EF) are those capacities that make persons effective in the real 
world, allowing them to adapt to new situations and to develop and follow their life goals in a 
constructive and productive way ( Burgess & Simons, 2005b). EF is in fact an umbrella term 
which encompasses a broad range of higher order capacities for planning, initiation, regulation 
and verification of complex, goal directed behaviour (Lezak, 1982). These executive capacities 
are operational in situations that are new, complex and can not be dealt with in a routine 
matter, in other words, unstructured situations that do not provide unequivocal cues guiding the 
subject’s behaviour. EF are subserved by prefrontally driven brain systems in which other 
cerebral and cerebellar areas take part ( Lichter & Cummings, 2001; Sbordone, 2000). It follows 
that ED does not only have to be the consequence of injuries directly affecting the prefrontal 
cortex, but can also result from lesions elsewhere in the brain. Hence, ED can be found in 
different categories of brain injury patients irrespective of aetiology or lesion location. ED has 
been extensively documented in TBI patients ( Bamdad, Ryan, & Warden, 2003; Bennett et al., 
2005a;  Busch, McBride, Curtiss, & Vanderploeg, 2005;  Hart, Whyte, Kim, & Vaccaro, 2005) 
with evidence for even more severe problems in case the patients had also focal frontal damage 
(Fontaine et al., 1999; Spikman et al., 2000a). Ample evidence of ED has also been found in 
patients with brain injury due to other aetiologies, for example stroke (Leskela et al., 1999;  
Pohjasvaraa et al., 2002;  Sachdev et al., 2004), cerebral tumours ( Goldstein, Obrzut, John, 
Ledakis, & Armstrong, 2004;  Tucha, Smely, Preier, & Lange, 2000) and post-anoxic 
encephalopathy (Armengol, 2000;  Simo-Guerrero et al., 2004).  
Many ABI patients are referred for rehabilitation to learn to deal with the consequences 
of their brain injury. Intact EF are crucial: by their very nature they are the capabilities that 
enable subjects to change and adapt behaviour to altered situations. Hence, EF are decisive in 
whether impairments result into disabilities or handicaps. In terms of the WHO ICF framework 
(World Health Organization, 2001), ED does not only affect functioning on activity level, 
referring to the execution of goals in tasks or actions, but also on participation level, that is 
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patient’s fulfilment of social and vocational roles in everyday life. ED is negatively related to 
indications of activity and social participation level, for example occupational functioning, 
psychosocial adjustment, community integration and coping abilities ( Anson & Ponsford, 2006;  
Crepeau & Scherzer, 1993;  Eriksson, Tham, & Borg, 2006;  Krpan, Levine, Stuss, & Dawson, 
2007;  Marsh & Martinovich, 2006;  Ownsworth & Fleming, 2005; Ponsford et al., 2008;  Reid-
Arndt, Nehl, & Hinkebein, 2007;  Vilkki et al., 1994;  Wells, Dywan, & Dumas, 2005). 
The main goal of rehabilitation practice is teaching patients independent living skills. ED 
constitutes a major obstacle to learning, and subsequently to successful community re-entry ( 
Fasotti & Spikman, 2002). Therefore, effective interventions aimed at improving EF in daily life 
are sorely needed. However, difficulties with learning and applying training principles are 
inherent to ED. Hence, designing clinically relevant interventions requires accounting for those 
factors that make EF such complex and at the same time essential functions.  
The first factor is the heterogeneous construct of EF, encompassing a range of different 
subfunctions. Ylvisaker (Ylvisaker, 1998) distinguishes the following EF aspects: self-awareness of 
strengths and needs, realistic and concrete goal-setting, planning the steps to these goals, self-
initiating these plans, self-monitoring and evaluating performance according to plan and goal, self-
inhibiting behaviour not leading to the goals set, flexibility and problem solving when situations can 
not be dealt with according to plan, and finally, strategic behaviour, transfer of successful 
behaviours to other situations. These aspects can be differentially impaired, leading to different 
patterns of EF symptoms in patients. Consequently, clinically relevant treatments should be 
multifaceted and aimed at improving a comprehensive but finite range of EF. So far,  such 
evidence-based protocols are sparse (Cicerone et al., 2005; Cicerone et al., 2000). Only a few 
studies have been carried out addressing a limited set of EF aspects, like problemsolving 
(Cramon von et al., 1994; Foxx et al., 1989), goal management (Levine et al., 2000) or self-
regulation (Medd et al., 2000). 
 Another point is the level of functioning on which interventions target. Interventions 
should be ecologically valid and have impact on behaviour in the real world (Worthington, 
2005). This usually involves teaching compensatory cognitive strategies;  top-down approaches, 
which have to be adapted and applied to the different problems that patients encounter (Fasotti 
et al., 2002). However, common EF deficits hampering transfer to the home situation ( Geusgens, 
Winkens, Heugten van, Jolles, & Heuvel van den, 2007) are a lack of self-awareness and a difficulty 
to self-initiate behaviour (Fischer et al., 2004; Hart et al., 2004; Marin, 1997; Prigatano, 1991). 
Therefore, treatment of deficits in self-awareness and self-initiation should be an integral 
element of any intervention for ED aiming at improvement of daily life executive functioning.  
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 A third factor concerns the measurement of effects of interventions targeted at a broad 
range of executive aspects. Conventional neuropsychological tests tapping single executive 
aspects are not likely to uncover these effects. Even more so, the ecological validity of many EF 
tests ( the WCST, Strooptest or Trailmakingtest) remains poor, as these tests do not tap the 
abilities for self-initiation and self-structurization required in daily life ( Burgess et al., 2006a; 
Burgess et al., 1998;  Mountain & Snow, 1993;  Spooner & Pachana, 2006). The BADS (Wilson et 
al., 1996) was specifically designed to be ecologically valid, but evidence for this validity is still 
inconclusive (Norris et al., 2000a; Wood et al., 2006). A more general problem with 
neuropsychological tests as outcome measures are test-retest effects of unknown magnitude 
that may complicate measurement of treatment effects. Hence, such tests are not always 
appropriate for measuring effects of ecologically valid interventions. This should not be 
problematic, as the main aim is not that patients improve their test performances, but their daily 
life skills. Consequently, treatment effects should be measured in terms of improvement on 
indications of daily life functioning, which are neglected outcome measures (Cicerone,(Cicerone, 
2004).  
In this paper, a newly developed multifaceted treatment of ED will be presented and 
evaluated. Herein ABI patients are trained to cope with problems in all eight EF aspects 
distinguished by Ylvisaker, including diminished self-awareness and lack of initiative, with the final 
aim to improve everyday executive functioning. This training was given to ABI patients who 
were expected or were already able to resume (part of) their previous daily life activities. The 
effectiveness of this multifaceted ED treatment was investigated in a multicenter RCT. 
Multifaceted training was compared to a control intervention, consisting of a computerized 
training (Marker, 1987) aimed at improving general cognitive functioning. Since there is no 
substantial evidence (Cicerone et al., 2000; Cicerone, 2004) that such training programs improve 
basic cognitive capacities, no effects of this control training were expected. 
 In order to measure treatment effects comprehensively, we chose our primary 
outcome-measures as follows. Three measures assessed daily life executive functioning. As these 
outcome measures covered different aspects of executive functioning on both activity and 
participation levels, we considered them as complementary, which allowed us to combine them 
into a single, main outcome measure. 
Our hypothesis was that multifaceted executive training would significantly improve 
executive functioning in daily life activities and increase social participation. Both effects were 
supposed to be present immediately after training. However, the treatment aim was to teach 
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patients to apply compensatory strategies to their daily life activities independently. Hence, we 
considered the effects in the long term as an indication of this ability and expected them to still 
be present at follow up. 
 
Methods 
Study Design and procedure 
This study employed a prospective multicenter RCT with two groups of patients 
receiving treatment, taking place in eight rehabilitation or academic centres in the Netherlands. 
Data were obtained according to the ethical regulations of these institutions, in compliance with 
the Helsinki Declaration. Participants eligible for the study had to suffer from Acquired Brain 
Injury (ABI) of non-progressive nature (i.e. TBI, Stroke or cerebral tumours), with a minimal 
time post onset of three months and no maximum, their age range had to be 17-70 and they had 
to live at home. Candidates should be referred for outpatient rehabilitation treatment because 
of post-injury problems of a clearly dysexecutive nature, either reported by themselves or 
observed by others, hampering resumption of previous activities and roles. If patients gave their 
informed consent to participate they subsequently underwent a neuropsychological examination 
to determine whether final inclusion could take place.  
Dysexecutive problems were measured by means of the Dysexecutive Questionnaire 
(DEX; (Burgess et al., 1996). Final inclusion was based on the following criteria: a BADS standard 
age score below average, or a discrepancy between BADS standard age score and IQ (a 
shortened version of the Groninger Intelligence Test( Luteijn & Ploeg van der, 1983)) of 15 
points (1 sd) , or standard scores of 2 or lower on both SET and Zoo Map.  
Exclusion criteria were: cognitive comorbidity interfering with the treatment, severe 
psychiatric problems, neurodegenerative disorders and substance abuse. 
Excluded patients were offered standard rehabilitation treatment. When included, 
patients were per centre blindly and randomly assigned to either the experimental or the 
control condition.  
In each treatment condition, patients underwent 20-24 one-hour treatment sessions, 
twice a week, during a three month period. At baseline (T0), immediately post treatment (T1) 
and follow-up six months post treatment (T2), an extensive test battery was administered. 
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Seventy-five patients were included, underwent the treatment and were assessed after 
training. Thirty-eight patients received the experimental treatment and thirty-seven the control 
treatment, Cogpack (Marker, 1987). Table 1 shows the characteristics of both patient groups. 
Although there are small differences between the groups, statistical testing (Mann-whitney U and 
Chisquare tests) revealed these were not significant, which is taken to indicate that both groups 
were matched well enough. At follow-up, three patients in the experimental group did not 
return because they did not have the energy to undergo a final, strenuous, assessment and one 
control patient due to logistical problems in the rehabilitation centre. 
 
Table 1 Demographic data of the control patient group and experimental patient group. 
 
Experimental Treatment 
The Multifaceted Treatment of Executive Dysfunction’s main objective is that patients 
learn to cope with planning and regulation problems with the final aim to improve everyday 
executive functioning. The treatment is multifaceted, in that it is directed at improvement of all 
eight aspects of EF defined by Ylvisaker (Ylvisaker, 1998). The protocol is comprised of three 
modules, namely 1) Information and Awareness, 2) Goal Setting and Planning, and 3) Initiation, 




The control treatment was Cogpack (Marker, 1987), a computerized cognitive training 
package consisting of several repetitive exercises. It is aimed at improving general cognitive 




Age (M, sd, range) 
 
Education (M, sd, range) 
 
M/F  (%) 
 
Chronicity (months) 







43.7 (14.9, 17-64) 
 











41.4 (12.1, 17-65) 
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self-supporting and patients can perform the tasks without external help. Task performance is 
followed by direct feedback from the computer program so that improvements over time can 
be monitored, but no clues about strategic approaches to the proposed tasks are offered.  
 
Measures 
An extensive battery of tests and questionnaires was administered to the patients (see 
also  Boelen, Spikman, Rietveld, & Fasotti, 2008). For this study, the following were relevant.  
 
Primary outcome measures 
In order to measure executive functioning on participation level, The Role 
Resumption List (Spikman et al., 2003) was administered at all three testmoments. Based on a 
structured interview it is rated on a five-point scale (0= no change, 4= severe loss of 
independence) whether there have been changes for four daily life domains (vocational 
functioning, ( Zomeren van & Burg van den, 1985)), leisure activities, social interaction with 
partner and family, and mobility) in amount and quality of activities compared to premorbid 
levels. The scores are added up to a total score with a range of 0 to 16.  
Another important measure for the evaluation of the treatment concerned a variant of 
the Goal Attainment Scale (GAS), ( Rockwood, Joyce, & Stoleee, 1997). Halfway during both 
treatments, each patient was asked to determine three personal goals he/she wanted to 
accomplish by means of the training. At post-measurement and follow-up, patients filled in on a 
5-point scale (1= not at all, 5= entirely) to which extent they had attained each of the three 
goals; these were added up to a total score with a range of 3 -15.  
In order to measure EF in a complex task, a newly designed test was administered at 
folllow-up only. The Executive Secretarial Task (Spikman et al., 2007) is comparable to the 
Multiple Errands Tasks (Shallice et al., 1991) or the Hotel Task (Manly et al., 2002). It requires 
the organization and prioritisation of multiple tasks over a longer time span than usual, while 
dealing with delayed intentions, interruptions and deadlines. The task yields a Totalscore as well 
as three subscores: (Initiative, Prospective; Executive). The intention was to obtain a “pure” 
indication of executive functioning at follow-up, without contamination of earlier test knowledge 
or experience. The test is extensively described in appendix 2. 
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Secondary outcome measures 
Questionnaires and observation lists The presence of executive symptoms in everyday life 
was investigated by means of the Dysexecutive Questionnaire (Burgess et al., 1996), with a 
patient, proxy and therapist version. 
The Executive Observation Scale ( Pollens, McBratnie, & Burton, 1988)) consists of 
8 items covering the EF aspects that Ylvisaker distinguished. Items are rated by a therapist on a 
scale from 1 (complete inability) to 4 (complete independence) resulting in a total score ranging 
from 8 to 32.  
 Quality of life was measured with the QOLIBRI (Quality of Life after Brain 
Injury ( VonSteinbüchel, Petersen, & Bullinger, 2005)), consisting of two parts; a satisfactionscale 
(higher score indicates more satisfaction) and a burdenscale ( higher score indicates higher 
burden). 
Only at follow-up, patients were requested to rate the levels of satisfaction about their 
treatment (results) on a 5-point Treatment Satisfaction Scale (TSS), ranging from score 1 
(not satisfied) to score 5 (very satisfied). 
 
Neuropsychological measures of executive and cognitive functioning In addition to the 
behavioural measures, the following EF tests were administered. The Behavioural 
Assessment of the Dysexecutive Syndrome (Wilson et al., 1996); all six subtests, resulting 
in an Standard Age Profilescore. The Trail Making Test (ratio B versus A, TMT B/A), 
Stroop Test (Stroop, 1935) (ratio time part three versus time part two (STR III/II); Tower 
of London (Shallice, 1982), (number correct). 
To control for possible effects of the CogPack training on memory,  the 15 Words 
Test (Dutch version RAVLT (Deelman et al., 1980); immediate (Memory IR) and delayed 
recall score (Memory DR)), was administered at baseline and T1. 
 
Statistical analyses 
T tests were used to compare patients’ scores on relevant measures at baseline with those of 
healthy controls, as well as to control whether both patient groups differed at baseline.  
Treatment effects were analyzed as follows. The primary outcome measure (Total 
Executive Outcome Score, TEOS) was a sumscore, composed of the standardized values on the 
EST, GAS and the RRL at follow-up. Before standardizing the RRL, scores were recoded, so that 
a high score indicated a good performance. A t test was applied in order to test whether both 
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groups differed on this sum score. Also an effect size (Cohen’s d) was calculated using the 
difference between the mean scores of both groups divided by the pooled standard deviation. 
According to Cohen an effect of 0.2 is small, 0.5 is medium and 0.8 is large ((Cohen, 1988).  
The secondary outcome measures, as well the results on the RRL separately, were 
analyzed using repeated measures analyses (GLM repeated measures, SPSS 12.0). Because data 
loss due to missing values was undesirable, all test-measures were analyzed separately in a 
univariate design. We performed three series of analyses. First, it was tested whether the scores 
at T1 were different from baseline, visible in an effect of time, and whether there was a 
difference in improvement over time between the experimental patients and the control 
patients, reflected in an interaction effect. Similarly, scores at T2 were compared to baseline 
performance, as well as to performance on T1. Because there were no baseline measures for 
the GAS and the EST,  results of both patient groups at T1 and T2 were compared using t tests. 
With respect to the EST, results of both patient groups were also compared with those of a 
group of healthy controls. Finally, the scores on the satisfaction list, being skewed, were 




In order to check whether the patients had indeed impaired EF and thus fulfilled the inclusion 
criteria, their BADS and DEX scores were compared to those of a group of healthy controls.  
 
Table 2Means (and standard deviations) of patients and healthy controls on demographic variables (age, 
education) as well as on a test (BADS) and questionnaire (DEX) for executive functioning. Two-tailed results of t 













Healthy Controls (n=57) 
 (M, sd) 
 
 47.8 (11.4) 
 
 5.2 (1.0) 
 
 102.3 (12.3) 
 
 18.3 (8.6) 
 18.1 (9.9) 
 10.1 (6.5) 
Patients (n=75) 
 (M, sd) 
 
 42.5 (13.6) 
 
 5.0 (1.1) 
 
 88.3 (13.0) 
  
 31.6 (13.3) 
 32.0 (14.8) 













 * p< .05 ** P< .01 ***p<.001 
 
Table 2 shows that both groups were comparable with respect to educational level, but that the 
healthy control group was slightly older. However, as age is known to influence executive 
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functioning negatively, being older was not advantageous for the healthy controls. With respect 
to executive functioning, the patients had indeed significantly lower scores on the BADS, 
indicating worse executive functioning than healthy controls. At the same time they had higher 
scores on the three DEX measures evidencing more executive problems in daily life.  
 After inclusion, patients were randomly assigned to one of both treatment conditions. Table 3 
shows that at baseline no significant differences were found between the experimental and 
control patient groups on several relevant measures, such as indications of cognitive functions 
(IQ, memory) and EF (Stroop 3/2, Trails B/A, Tower of London, BADS). Neither were there 
significant differences with respect to questionnaires measuring dysexecutive complaints (DEX 
patient, proxy and therapist), executive functioning observed during task performance by 
therapists (EOBS), the extent to which previous roles were resumed (RRL) and the satisfaction 
part of the Quality of Life questionnaire (Qolibri). Only with respect to the Qolibri Burden 
score a significant difference was found, which indicated that before treatment the experimental 
patients experienced a higher burden due to their brain injury than the control patients. 
 
 
Table 3 Means and standard deviations of test-sores for the control and the patient group at baseline (T0). Two-























Control patients (n=37) 
    (M, sd) 
 
109 (14.4) 
 38.6 (10.1) 
  7.9 (3.6) 
 
  1.7 (0.3) 
  2.3 (1.1) 
 10.8 (1.1) 
 85.9 (14.3) 
 
 31.0 (13.7) 
 32.1 (15.5) 
 35.7 (11.7) 
 
124.7 (2,9) 
 48.1 (13.1) 
 
 20.6 (3.9) 
 
  7.8 (3.6) 
Experimental patients (n=38) 
     (M, sd) 
 
116.1 (16.8) 
 39.0 (11.5) 
  7.6 (3.3) 
  
  1.6 (0.3) 
  2.1 (0.6) 
 10.6 (1.5) 
 90.6 (11.4) 
 
 32.2 (13.1) 
 32.1 (14.3) 
 34.9 (13.3) 
 
120.4 (27.7) 
 54.9 (11.5) 
 
 20.7 (3.2) 
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Effect of treatment 
Our primary outcome measure (TEOS) was composed of the results at follow-up (T2) on three 
effect measures (EST, GAS and RRL) pertaining to different aspects of executive functioning. 
Table 4 shows that the experimental patients score significantly higher on this measure than the 
control patients. According to Cohen’s criteria the effect size is large, suggesting a substantial 
effect of the experimental treatment.  
 
 
Table 4 Results of t test on the difference between de control patients (CP) and experimental patients (EP) on the 
TEOS as well as  the effectsize for this difference. 
TEOS CP 
 
















 Table 5 Means, standard deviations and difference scores (T1-T0) of the test-variables at T1 for the control and 
experimental patient group. Repeated measures analyses on the test-scores at T1 compared to T0. Two-tailed 




























M, sd             M T1-T0 
 43.1 (11.4)  4.5 
  8.0 (3.8)  0.1 
 
  1.6 (0.3)  0.1 
  2.2 (0.9) -0.1 
 11.3 (0.9)  0.5 
 93.8 (17.5)  7.9 
 
 27.2 (14.6) -4.4  
 29.3 (16.5) -3.0 
 33.3 (12.2) -2.8 
 
133.4 (29.4)  6.6 
 45.7 (10.6) -3.7 
 
 21.2 (3.7)  0.6 
 
  7.2 (3.3) -0.1 
 




M, sd         M T1-T0 
 45.1 (11.5)    6.1 
  8.7 (3.7)    1.1  
 
  1.5 (0.2)   -0.1 
  1.9 (0.7)   -0.2 
 10.9 (1.6)    0.2 
100.6 (13.0)   10.0 
 
 26.3 (15.9)   -4.8 
 26.8 (16.9)   -4.0 
 26.3 (12.1)   -8.6 
 
132.7 (32.4)    6.0 
 49.3 (13.9)   -6.0    
 
 24.7 (4.0)    4.0 
 
  6.4 (3.2)   -1.3 
 
 10.4 (2.5) 
ANOVA 
Time   Time X group 
 
 
*  n.s. 
n.s.  * 
 
n.s.  n.s. 
n.s.  n.s. 
n.s.  n.s. 
***  n.s. 
 
***  n.s. 
**  n.s. 
***  ** 
 
**  n.s. 
**  n.s. 
 
***  *** 
 
**  ** 
 
T = 4,4  *** 
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Table 5 shows the results of the repeated measures analyses on the several measures at 
T1 compared to baseline (T0). On the standard EF tests (Stroop, Trailmaking Test and Tower of 
London), neither time nor interaction effects were found. As to the BADS, a large improvement 
over time was found for both groups, but the experimental patients had not improved 
significantly more than the control patients. On the indications for daily life executive 
functioning, significant effects were found. Both groups had resumed their previous roles as 
measured with the RRL significantly more after treatment, but the experimental patients did this 
to an even larger extent. Also, the experimental patients had attained their goals set early in the 
treatment to a significantly larger extent than the control patients (GAS). Furthermore, both the 
DEX patient and the DEX proxy showed a similar decrease of executive complaints for both 
groups. The DEX therapist revealed that both groups had less executive problems, but the 
decrease of executive problems was significantly larger in the experimental patients. With 
respect to quality of life, no effects were found on the Qolibri Satisfaction scale. However, on 
the Qolibri Burden scale both groups reported the same reduction of burden after treatment. 
On the Executive Observation Scale (EOBS), a significant effect of time indicates that the 
executive abilities of both groups, as observed by professionals, had improved, whereby the 
interaction effect indicates that this improvement was significantly larger in the experimental 
patients. The Memory IRscore showed a similar improvement over time for both groups which 
was interpreted as a retest effect. Surprisingly, only the experimental patients improved 
significantly over time on the Memory DRscore. 
Table 6 shows the results of repeated measures analyses at T2 compared to T0. With 
respect to the neuropsychological EF tests including the BADS, results were similar to those 
found at T1. This was also the case for the DEX patient and proxy. However, the group 
difference on the DEX therapist had disappeared at T2. Regarding the Qolibri, both groups 
reported to experience the same increase in satisfaction when compared with baseline, but the 
burden scale showed no differences between the groups. Similar to T1 both groups showed 
improvement on the EOBS and the RRL and on both measures the experimental patients had 
improved significantly more than the control patients. Again, the experimental patients had a 
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Table 6 Means, standard deviations and difference scores (T2-T0) of the test-variables at T2 for the control and 
experimental patientgroup. Repeated measures analyses on the test-scores at T2 compared to T0. Two-tailed 



























  M, sd        M T2-T0 
  1.6 (0.3) -0.1 
  2.2 (1.3) -0.1 
 11.0 (1.1)  0.2 
 94.6 (13.2)  8.8 
 
 25.5 (14.6) -6.1 
 28.5 (16.6) -2.2 
 28.9 (13.5) -6.8 
 
136.4 (35.4) 12.7 
 44.1 (12.0) -4.2 
 
 22.3 (4.2)  1.6 
 
  7.4 (3.2) -0.1 
 
  8.9 (3.0) 
 




M, sd         M T2-T0  
  1.5 (0.2)     -0.1 
  2.1 (0.6)      0.1 
 11.0 (1.4)      0.4 
101.8 (12.5)     10.9 
 
 26.3 (15.8)      -4.3 
 26.5 (16.7)      -3.6 
 24.2 (11.2)    -10.6 
 
126.7 (32.4)       2.9 
 51.7 (18.1)     - 1.4 
 
 25.7 (3.5)      4.6 
 
  5.4 (3.1)     -2.2 
 
 10.7 (2.1) 
 
  3.8 (1.1) 
ANOVA 
Time       Time X group 
 
 
n.s.  n.s. 
n.s.  n.s. 
n.s.  n.s. 
***  n.s. 
 
***  n.s. 
*  n.s. 
***  n.s. 
 
*  n.s. 
n.s.  n.s. 
 
***  *** 
 
***  *** 
 
T= 2,9  ** 
 
Z = -.4  n.s. 
* p< .05 ** p< .01 ***p<.00 
  
Table 7 shows that on T2 for most measures the effects were the same as on T1, that 
is, patients had neither further improved nor deteriorated. There were three exceptions: 
therapists’ ratings on the DEX and the EOBS were significantly different for both groups. On the 
RRL only the experimental patients showed a significant improvement over time, indicating that 
they had been able to resume more role functioning activities than the control patients. 
Table 8 shows the results of the t tests between both patient groups on the EST 
Totalscore, as well as on the three EST subscores (Initiative, Prospective and Executive). There 
were some missing data for this test, because three patients had not been able to fit this 
additional measure to their scheme and EST data of two other patients were unfortunately lost 
in the rehabilitation centre.  The experimental patients performed significantly better on all 
scores, except for the Initiative score. In addition, results of both groups were compared to 
results of healthy controls. The control patients performed worse on all EST (sub)scores than 
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Means, standard deviations and difference scores (T2-T1) of the test-variables at T2 for the control and 

























         M T2-T1 
  0.1 
  0.1 
 -0.3 
  1.1 
 
 -1.4 
    .5 
 -3.9 
 
  1.1 
 -1.2 
 
  0.9 
 
  0.2 
 




        M T2-T1 
  0 
  0.1 
  0.1 
  0.9 
 
  0.7 
  0.7 
   -1.7 
 
 -6.9 
  2.9 
 




  0.2 
ANOVA 
Time   Time X group 
 
 
n.s.  n.s. 
n.s.  n.s. 
n.s.  n.s. 
n.s.  n.s. 
 
n.s.  n.s. 
n.s.  n.s. 
*  n.s. 
 
n.s  n.s. 
n.s.  n.s. 
 
*  n.s. 
 
n.s.  * 
 
n.s.  n.s. 




Means and standard deviations of control patients, experimental patients and healthy controls on the total score 





















 9.5 (3.1) 
 
 































CP vs EP      CP vs HC     EP vs HC 
T p     T      p     T      p 
2.5  *  -4.8    ***    -2.3        * 
 
 
1.6 n.s.  -3.3         **    -1.8      n.s. 
 
 
3.4 **         -3.7        ***     0.3      n.s. 
 
 
2.1  *          -4.7       ***   -2.2      * 




The results of this study show that a multifaceted treatment for executive dysfunction 
significantly improves daily life executive functioning of ABI patients, lasting at least until six 
months post-treatment. The improvement was visible on a composite measure, the TEOS, in 
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which three domains of daily life were reflected; the ability to set and accomplish realistic goals, 
the ability to plan, organize and regulate a series of  real life tasks; and the ability to resume 
previous roles with respect to work, social relations, leisure activities and mobility. The effect 
size on the TEOS was large, and therefore clinically substantial. When considered separately, the 
three TEOS measures (GAS, RRL and EST) also showed significant differences between both 
groups. For the RRL and GAS these differences were evident after the treatment as well as at 
follow-up. The EST was only administered at follow-up, but also here the differences between 
both groups were significant for all EST scores, except for the Initiative subscore.  
Our expectation that these effects would be present immediately after treatment and 
would subsequently remain stable at least six months after treatment was entirely met. The 
difference on the GAS at follow-up still indicated that the experimental patients had attained 
their goals to a larger extent than the control patients. Moreover, on the RRL these patients 
showed a higher increase than the controls at T1, while at follow-up, they had even further 
increased their wished-for roles in daily life, whereas the control group remained at the same 
activity level throughout.  
 In our multifaceted treatment, several elements of proven treatment methods had been 
incorporated, namely Problem Solving Training (Cramon von et al., 1994) and Goal Management 
Training (Levine et al., 2000). However, the surplus value of our treatment is its multifaceted 
character: a comprehensive but finite range of dysexecutive symptoms is addressed, including 
problems with self-awareness and self-initiative. Another distinct feature of our training is 
transfer to daily life situations as an integral element of the treatment. Effects of training were 
measured and found on indicators of EF on activity as well as participation level. In our 
treatment protocol the eight aspects of Ylvisaker, self-awareness, goal setting, planning, self-
initiation, self-monitoring, self-inhibition, flexibility and strategic behaviour, were trained 
explicitly and embedded in practical exercises and home assignments. Improvements on these 
aspects are obvious when the measures reflecting daily life functioning are analyzed. The ability 
to set and accomplish realistic goals in daily life, as reflected by the GAS, depends on the 
capacity to be aware of one’s own needs, strengths and weaknesses. In the EST, patients have to 
set their own goals, and make plans to organize task execution towards goals.  No cues or 
directions are provided, so patients must initiate these tasks, carry them out and simultaneously 
monitor their own performance. Flexibility is necessary to adapt the execution of plans to 
changing circumstances and to solve possible problems, and this also requires the ability to self-
inhibit actions that do not lead to the goals set. The ability to apply all these aspects on a 
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strategic level is reflected in the RRL scores, which indicate the performance of relevant 
activities in daily life roles.   
Before discussing the results with respect to the secondary outcome measures, we 
would like to stress that our study indicates that it actually is possible to treat patients with 
dysexecutive problems, which is not always taken for granted (Alderman, 1991). After all, 
dysexecutive problems are known to hamper the ability to learn new strategic behaviours and 
to take advantage of therapy. Nevertheless, our experimental patient group was able to adhere 
to the treatment; they remained motivated to follow and finish a complex, intensive, energy and 
time consuming treatment protocol. The results on the TSS show that these patients were 
satisfied with the training and the effects it had in their lives. The lower scores on the DEX 
patient and proxy at T1 and T2 indicate that patients, as well as significant others, experienced 
and observed less dysexecutive problems after treatment. However, this was also true for the 
control patients who experienced similar levels of satisfaction after treatment and reduction of 
complaints on the DEX. With respect to quality of life,  both groups also showed the same 
pattern of results. We therefore conclude that with respect to these different indications of 
subjective wellbeing (satisfaction with the treatment, subjective complaints and quality of life) the 
effect of treatment, whether experimental or control, was the same for both groups. This result 
was surprising, because beforehand there were doubts about patients’ motivation to perform 
the long and energy sapping Cogpack training. We were afraid that patients would be swiftly 
bored, or that they would sense that this treatment would not be effective. On the contrary, the 
majority of patients were very enthusiastic about the training, because Cogpack gave direct 
feedback on performance so that patients could monitor their improvement in the tasks over 
time. We therefore conclude that Cogpack training influenced patients’ sense of self-efficacy 
positively, exactly as the experimental training did. Apparently, this has led to larger activity 
levels of these patients, reflected by increased role participation, although not to the same 
extent as the experimental patients. In addition, the control training had also positive effects on 
the executive abilities of trainees, as rated by therapists. On the DEX-therapist as well as on the 
EOBS, therapists found that both groups had significantly improved after treatment and at 
follow-up. However, these therapists considered the experimental patients to have improved 
significantly more on the DEX therapist as well as on the EOBS at both measurements.  
With respect to the objective measures, there was no indication that either of the 
treatments had significant effects on cognitive or executive functioning as measured with 
neuropsychological tests. On the three conventional neuropsychological tests, Stroop, 
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Trailmaking Test and Tower of London, there was no improvement over time at all. With 
respect to the memory test, included as a control measure for possible effects of the 
computerized training, both groups had improved on the IR score at T1. We interpret this as a 
re-test effect. Surprisingly, in comparison with the control group the experimental group had 
significantly improved on the DR score, suggesting that learning executive strategies may foster 
better memory performance than training memory specifically with computer exercises. 
With regard to the BADS, it was also found that both groups had improved to the same 
extent both at T1 and T2, in comparison to baseline. This is presumably the result of a test-
retest effect as well. In a previous study a considerable test-retest effect was found for the 
BADS ( Jelicic, Henquet, & Derix, 2001). For this reason the BADS was not considered a 
primary outcome measure in the present study. Moreover, there is another theoretically based 
objection against the use of the BADS for this purpose. The aspects of novelty and problem 
solving are crucial elements of EF measurement. When performing an EF test repeatedly, 
learning effects (for instance, retaining the solution of the test problem in memory) can not be 
disentangled from the pure executive performance and therefore the retest assessment 
probably does not measure EF to the same extent again. It can therefore be seriously 
questioned whether the BADS, although probably more ecologically valid than other EF tests, is 
a sensitive measure for ED treatment effects.  
Our general conclusion is that despite control patients’ satisfaction and subjective 
wellbeing being at the same level as that of the experimental patients, the latter group did 
perform better on those measures that pertained to daily life executive functioning. These 
results prove that significant treatment effects can be accomplished by a general multifaceted 
treatment, if tailored to the individual patient and designed to improve activity and social 
participation, and that these effects last for a substantial period after ending the treatment.  
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Multifaceted treatment of Executive Dysfunction: content of the treatment 
protocol 
 
The intervention protocol was based on theoretical models as well as on existing treatments. 
The Cognitive Schema theory of Shallice (Shallice, 1982) is the starting point. In this theory a 
distinction is made between schema-dictated behaviour in routine situations and controlled 
behaviour if schemata fall short or do not apply. In these situations a mechanism called the 
Supervisory Attentional System operates on selection of relevant schemata. In ABI patients with 
executive problems this latter mechanism is often invoked, while it is often limited in capacity or 
even utterly disrupted. Brouwer and Fasotti ( Brouwer & Fasotti, 1997) presented an adaptation 
of the model of Shallice, supplemented with the important elements of self-
awareness/monitoring and motivation/initiative. The multifaceted treatment is also based on the 
central idea of universal subgoaling, derived from cognitive architectures like SOAR (Newell, 
1991) or ACT-R (Anderson, 1993). In these architectures all intelligent behaviour is seen as 
problemsolving behaviour and the formulation of intended actions is regarded in terms of goals 
and subgoals. This central notion of subgoaling was translated into a therapeutical approach, 
called the General Planning Approach (GPA). Furthermore, elements of Goal Management 
Training (Levine et al., 2000) aiming at regulation, and Problem Solving training (Cramon von et 
al., 1994) aiming at flexibility and problem solving,  as well as more general treatment 
approaches of ED (as advocated by Ylvisaker) involving training of self-awareness and self-
initiative, are incorporated.  
The treatment is given by a neuropsychologist, if possible together with a cognitive 
trainer, and involves a combination of psychoeducation, strategy and skills training, and use of 
external devices like a diary or a PDA.  In teaching the patients these skills and strategies, 
cognitive behavioral techniques were applied. These strategies and skills are individually tailored 
to a patient’s specific problems, needs and goals, because the protocol can be adapted by 
applying variations in content and number of sessions up till a maximum of 24 session. Transfer 
of learning to the home situation is accomplished by using exercises and home assignments that 
are relevant for the subject’s personal goals. The home assignments are given to the subjects at 
the end of every session and are extensively evaluated in subsequent sessions. The overall goal is 
that patients acquire an individually tailored EF strategy and have sufficient capacity for self-
awareness and self-initiative to apply this strategy in daily life. 
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The protocol is comprised of three modules, namely 1) Information and Awareness, 2) 
Goal Setting and Planning, and 3) Initiation, Execution and Regulation. 
Module 1, Information and Awareness, addresses Ylvisaker’s aspect of self-awareness. 
The module has a psychoeducative character and its general purpose is improvement of 
awareness and the enhancement of motivation for treatment. Patients are extensively informed 
about dysexecutive problems and their consequences for in daily life in general, and about their 
own dysexecutive problems in particular. According to the model of Crosson ( Crosson et al., 
1989), three levels of awareness can be distinguished. Intellectual awareness can be improved by 
informing patients about their cognitive and executive impairments with regard to daily life 
functioning, in order to gain insight into their weaknesses and strengths. Furthermore, 
throughout the whole training, patients are continually stimulated to monitor and evaluate their 
own performances with the aim to improve emergent awareness. Finally, in every session 
patients are stimulated to predict their functioning, in order to improve anticipatory awareness, 
the highest level of awareness. Every next session, these predictions and their fulfilment, 
together with factors that did or did not help are extensively evaluated.  
 Module 2, Goal Setting and Planning, addresses Ylvisakers’ aspects of goal-setting, 
planning and organizing the steps to these goals. The module is aimed at training goal setting in a 
systematic and structured way. Patients are taught to apply the GPA, the General Planning 
Approach, which allows them to formulate all (intended) activities and tasks in terms of goals 
and steps leading to these goals. Attention is paid to the concrete and explicit verbalization of 
goals in terms of when, where, with whom, with what and how long. Patients are trained to 
formulate concrete steps leading to a previously set goal and to put these steps in the right 
order. This is practised using scripts of Sirigu ( Sirigu et al., 1996).  Successively they learn to 
anticipate on eventual problems and to devise alternative steps or plans. In this module, the 
patient is asked to formulate three concrete goals that he/she wants to achieve by means of the 
treatment. These goals have to be connected with executive functioning in daily life, without 
other restrictions. This has resulted in a large variability in treatment goals, like for example: 
improving time management, being able to plan activities in advance, in order to reduce time 
pressure, learning to use public transport facilities in order to increase mobility, being capable of 
organizing activities with family or friends to improve contacts, enhancing activity in volunteer 
work, improving the regulation of emotions. 
In module 3, Initiation, Execution and Regulation, the effective execution of plans is 
addressed. The module taps Ylvisakers’ aspects of self-initiation, self-monitoring, self-inhibition, 
flexibility and problemsolving, as well as strategic behaviour. Patients are taught how to initiate 
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execution of their plans and subsequently how to act according to plan, while constantly 
monitoring their performance. They learn to solve complex daily problems in a systematic way 
with regular checking whether higher order goals are met. In this part of the training, elements 
of Goal Management Training (Levine et al., 2000) as well as of Problem Solving Training 
(Cramon von et al., 1994) are incorporated. An important element of the training is that the 
patients are instructed to initiate daily life activities that involve the application of the strategies 
and skills that they acquire in training, since transfer is an essential element of the treatment. 
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Appendix 2 
The Executive Secretarial Task (EST) 
 
The EST is considered to be more ecologically valid than the usual EF tests. In this 3 hr-task a 
job assessment procedure is simulated. The patient is alone in a room with a box containing a 
series of simple secretarial assignments. On the desk there is also a list with company rules, a 
planning aid in the form of a day agenda, a telephone, a phonebook, a map of the floor and the 
location of other offices, a calculator and a small rack with office supplies. The assignments of 
the box have to be organized, initiated and executed, some of them with a deadline. Examples 
are: filling in zip codes on envelopes and posting them in time for the external post round, 
counting the supplies and replenishing the stocks by delivering the order form in time at the 
right place or searching for suitable restaurants for the company diner in the phonebook. A 
unique feature of this test is that, unlike most other EF tasks, it explicitly taps self-initiation. In 
the instruction it is only mentioned that the subject can find the assignments in the box and that 
they all have to be carried out. No further cues are provided on how or when the assignments 
have to be carried out. Indispensible materials and required information are all available, but 
have to be actively searched for. For example, one of the assignments is searching travel times 
for specific dates and destinations. This can be done by using an available telephone (and for 
which the instruction for use can be found in the list with company rules), but the subject is not 
explicitly told to use the phone for this purpose. At fixed times only, questions can be asked to a 
“manager”. During the execution of the task, the subject is interrupted with an urgent new 
assignment. The task yields three scores: Initiative; reflecting all the actions the subject has 
initiated without being told so, Prospective; reflecting all the actions that were correctly carried 
out in a later stage, and Executive, reflecting all the actions that were correctly carried out at all. 
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Frontal vs. Parietal Involvement in Planning after Cognitive Rehabilitation 
Therapy of the Dysexecutive Syndrome: Six Case Studies of Stroke Patients. 
 
Introduction 
Acquired brain injury can lead to substantial limitations in a person’s cognitive and 
executive functioning and through that limit a person’s daily life activities. Especially executive 
functions (EF) are essential in independent functioning in daily life and after brain injury they are 
needed even more. This is because EF are involved in a range of adaptive abilities and behaviours 
and are required most in novel, unstructured, non-routine situations where no external cues are 
being given, or in situations where the usually performed routine behaviour is no longer useful 
or appropriate. These kinds of situations are prominent in rehabilitation because then a person 
finds himself in a new and unstructured life where all previously used routines have to be 
relearned or compensated for in order to resume previous activities. Therefore, the 
rehabilitation of executive dysfunctions is essential. Neuropsychological or cognitive 
rehabilitation therapy (CRT) is recognised as an important factor aiding the process of picking 
up, as much as possible, life as it was before brain injury (e.g. Carney et al., 2005; Cicerone et al., 
2005; Lincoln, 2005). The influence of CRT on recovery of functions after brain injury is studied 
at different levels to gain more insight in, for instance, therapy effectiveness or recovery 
prognosis of a specific patient on the function being trained. Progress in functional neuroimaging 
provides us with the additional opportunity to study the influence of CRT at the level of brain 
activation. Where EF are concerned, the focus is mainly on processes in the prefrontal lobe. 
Together with other cortical and subcortical brain structures the prefrontal cortex forms 
several neuronal circuits which underlie executive functioning. The dysexecutive syndrome can 
therefore arise irrespective of etiology or location of the lesion. Neuroimaging studies shed light 
on the processes that underlie recovery of a specific function: restoration of damaged brain 
areas or activation of new brain areas compensating for the loss of function. There is still 
relatively little known about the neural processes underlying cognitive and executive functioning 
in brain-injured patients or the processes responsible for their improvement in functioning after 
CRT. This study aims to contribute to the reduction of that gap in the knowledge on 
neuropsychological rehabilitation. 
Functional neuroimaging can answer questions which are not easily answered with 
behavioural studies. To begin with, office based test results do not show the immediate cause of 
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a specific error or abnormal reaction, thus leaving questions unanswered, such as: why did this 
subject have a long reaction time, or present with memory complaints although the performance 
on a memory test was fine? Functional neuroimaging provides insight in underlying processes 
which eventually can lead to answers on a behavioural level. For instance, intact performance, 
after brain injury, does not always imply normal neuronal responses. Functional neuroimaging 
has shown that alternative neuronal and cognitive mechanisms may support the task and 
mediate recovery (Price, 2002). In some cases, alternative neuronal routes or increased 
activation in patients offer an explanation as to why they report a task to be more effortful 
(Cappa, 2003; Cramer, 1997). Furthermore, knowledge of brain regions critical to recovery of 
function and of the underlying processes of rehabilitation treatments can aid in designing a 
treatment (Strangman et al., 2005), the decision which treatment to give (Munoz-Cespedes et 
al., 2005), at which point in the rehabilitation process to start with treatment, and whether or 
not to give treatment at all in the case of a specific patient (Ricker et al., 2001; Robertson, 
2005b). Finally, hard scientific evidence on neuropsychological rehabilitation methods is essential 
in the pursuit of acceptance and respect for these methods and funding for research on the 
subject (Robertson, 2005a). Bigler (2003) adds that neuropsychology should keep up with 
advances like neuroimaging and incorporate them into their practice, as “Neuropsychology is 
the field that connects neural function to behaviour” (p.615).  
Before focussing on the mechanisms underlying recovery in the damaged brain we have 
to consider how a healthy brain changes in response to experience. Kelly and Garavan (2005) 
describe three patterns of practice-related activation change: increase, decrease or 
reorganisation of activation. The patterns found can for instance be explained as a shift from 
control and attentional areas to task-specific areas or as a shift from one task-specific area to 
another. Factors that influence which pattern is prominent range from the effect practice has on 
the cognitive processes underlying the task performance, to the task domain being practiced, the 
point in practice at which participants are imaged, pre-existing individual differences, and task 
difficulty.  
Similar to changes in healthy brains, experience-dependent neural processes after brain 
injury have been described to take several forms. Grady and Kapur (1999) propose the 
following: reorganisation within an existing neuronal network; recruitment of new areas or use 
of an alternate network; and inclusion of regions surrounding the lesion. There are relatively few 
neuroimaging studies on the rehabilitation of cognitive and executive functions. The studies that 
have been conducted have very diverse research designs: dealing with spontaneous recovery or 
recovery after therapy; and using resting state or activation paradigms. Because there is so little 
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known in this line of research the results of these differently designed studies must be taken 
together to serve as a base for new hypotheses. 
Recovery after CRT as measured by resting state studies showed an increase of 
prefrontal blood flow after training of patients with acquired brain injury (Laatsch et al., 1997; 
Laatsch et al., 1999). These changes were linked to neuropsychological test results and a more 
active daily life. Activation studies on CRT in patients with schizophrenia led to a similar 
observation of increased frontal activation (Penades et al., 2002; Wykes et al., 2002). In Wykes’ 
study, three groups were compared: patients receiving CRT focused on EF, patients receiving a 
control therapy, and a healthy control group. At baseline, patients showed less frontal activation 
than healthy controls during a working memory test. After therapy the two patient groups 
showed an increase, while the healthy controls showed a decrease of activation during their 
second scan. Moreover, marked increases in brain activation in regions associated with working 
memory were found in those patients who benefited most from the CRT. These differences 
between patients and healthy controls were also found in a functional neuroimaging study by 
Sturm et al. (2004) on a training of alertness in stroke patients. Besides improvement on a 
behavioural level, patients showed increased frontal activation after training, while the control 
group showed a decrease of frontal activation from the first to the second measurement. In 
contrast, a number of functional neuroimaging studies comparing activation at baseline of 
patients who suffered traumatic brain injury with healthy controls have demonstrated that 
frontal activation in patients was in fact more intense or wide spread during the performance of 
cognitive or executive function tests (Christodoulou et al., 2001; McAllister et al., 1999; 
McAllister et al., 2001; Ricker et al., 2001; Scheibel et al., 2003). For normal ageing a comparable 
effect of increased recruitment of frontal areas has been found ( DiGirolamo et al., 2001). An 
explanation for this similarity between patients with traumatic brain injury and in healthy elderly 
people could be that they need to recruit more brain areas and use those areas more intensively 
during the performance of a certain task ( Laatsch, Little, & Thulborn, 2004). This altered 
activation pattern might be the reason why some patients who function well in daily life or have 
normal test performance complain about cognitive dysfunctioning or report a task to be more 
effortful. In a study by Laatsch et al. (2004) the authors hypothesize that after CRT subjects 
might be expected to show a decline in overall activation pattern from the initially excessive 
activation demonstrated before the treatment began. They explain this by stating that in therapy 
the subjects are repeatedly confronted with stimuli they find hard to process. As a result 
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processing would be done more efficiently, which would be evidenced by changes in the 
activation patterns and improved neuropsychological functioning.  
The above shows there are many contrasting findings on the neural processes underlying 
the recovery of cognitive and executive functions after CRT. Therefore, additional information is 
needed. We will describe six case studies of stroke patients who had moderate to severe 
limitations in executive functioning and received CRT (Spikman et al., 2009) aimed at improving 
this. The focus will primarily be on the changes in brain activation after CRT. We expect that 
these six subjects will show less frontal activation than healthy controls at baseline. 
Furthermore, we expect that the subjects who brought therapy to a successful end will show 
increased frontal activation during the performance of EF tests after therapy. Six months after 
CRT we expect this frontal activation to have decreased relative to the measurement 
immediately after CRT as executive functioning is done more effectively. At both measurements 
after therapy these changes of activation are also compared with performance on 
neuropsychological tests, and reported changes in every day functioning. As indicated above, it is 
quite well possible that the change of the pattern of brain activation is more related to 
subjective changes, e.g. in reported effort, than to changes in test performance.  
In summary, with the results of this study we aim to answer the following questions: 
- Are stroke patients with impaired executive functions characterised by lower than 
normal (pre) frontal activation while performing EF tests? 
- What is the effect of CRT on the pattern of brain activation while performing EF 
tests? More specifically: does CRT lead to increased (pre)frontal activation, and 
how does this change with time after treatment? 
- Do the changes in the pattern of brain activation indicated by fMRI parallel changes 
in neuropsychological test performance and subjective evaluation of everyday 





The subjects taking part in this study were recruited from the group of patients included 
in a larger study on the effectiveness of a CRT protocol for the treatment of dysexecutive 
syndrome (Spikman et al., 2009). The main inclusion criteria were: acquired brain injury of a 
non-progressive nature, with a minimal time post onset of three months and no maximum. 
Furthermore, patients had to be in the age range of eighteen to seventy and living at home, that 
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is, they should not be hospitalized or living in a sheltered environment. Possible candidates for 
the treatment had to be referred for outpatient rehabilitation treatment because of post-injury 
problems of a clearly dysexecutive nature, either reported by themselves or observed by others. 
Exclusion criteria were: cognitive comorbidity of such severity that it would impede the patient 
in following the treatment, severe psychiatric problems and neurodegenerative disorders. 
Additional exclusion criteria for the fMRI study were: metallic implants, claustrophobia, epilepsy, 
and pregnancy. 
  
Table 1 Demographics of subjects  
Subject Age Handed Edu Injury Months  CRT 
A 62 R 3 ICVA right 6 3 
B 56 R 5 ICVA left 21 20 
C 75 R 6 ICVA left 9 19 
D 55 L 4 ICVA left 7 20 
E 58 R 6 ICVA right and HCVA right 5 24 
F 59 R 2 ICVA vertebral-basilar 6 16 
Age = age at time of stroke; Edu = educational level (determined using the seven point scale of Verhage 
(1964) which runs from less than six years primary school (1) to university level (7)); Months = number of 
months between stroke and start of CRT; CRT = number of sessions 
 
Six subjects (table 1) participated in the fMRI study. They were all referred for CRT 
following stroke. Specific lesion information can be found in the results section where results 
are described for each subject individually. Reasons for referral were low scores on executive 
functioning tests, subjects reporting executive functioning problems in daily life, and partners of 
subjects reporting them to have executive functioning problems. In most subjects at least two of 
these reasons were applicable. Time since stroke ranged from five to twenty-one months, with a 
mean of nine months. The purpose and risks of the study were explained to the subjects, who 
gave written informed consent to participate. The ethical review board of the University Medical 
Center Groningen approved of the study. 
 
Therapy 
Patients were treated with a newly designed protocol: ‘Multifaceted Treatment of the 
Dysexecutive Syndrome’ (Spikman et al., 2009). In this protocol patients learn to cope with a 
broad range of goal setting-, planning- and regulation problems, with the final aim to improve 
everyday functioning. The specific skills and strategies chosen to focus on are individually 
tailored to the patient’s particular problems, needs and goals. The protocol consists of three 
modules: Information and Awareness; Goal setting and Planning; and Initiative, Regulation and 
Problem solving. For five subjects the number of one-hour CRT sessions ranged from sixteen to 
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twenty-four, with a mean of nearly twenty sessions and spread over a period of three months. 
The total number of sessions was determined by a subject’s progress in therapy. One patient 
decided after the third session that he did not want to continue the CRT, but he agreed to 
return for the second and third measurements thus providing data on repeated measurements 
without CRT. Further details on the therapy are given in Spikman et al. (2009). 
 
Measures and Procedures 
Neuropsychological tests and questionnaires 
All subjects underwent neuropsychological testing and had to fill in questionnaires at 
three points in time. Also a proxy was asked to fill in questionnaires each measurement. First or 
baseline measurement (T0) was performed before starting the first therapy session. The second 
testing (T1) was completed directly after ending therapy and follow-up testing (T2) was done 
four to seven months after ending therapy. Neuropsychological assessment was done by a 
trained examiner. 
The neuropsychological measures used, were based on a study conducted in the same 
outpatient rehabilitation population. In this study measures were determined which successfully 
discriminate between brain-injured and non-brain-injured subjects (Boelen et al., 2008). A 
selection of subtests was used from the Behavioural Assessment of the Dysexecutive Syndrome 
(BADS; Wilson et al., 1996) in its Dutch translation (Krabbendam et al., 1997): the Key Search 
Test raw score (KS), the Modified Six Elements Test total raw score (MSET), and the Zoo Map 
Test total raw score (ZOO). Of this last subtest a parallel version was used during T1 (Spikman 
et al., 2000b). In the Twenty Question Test ( Laine & Butters, 1982) subjects are asked to guess 
which of 42 drawings of objects representing overlapping classes such as animals, clothing, or 
round objects, the examiner has in mind. The subject is instructed to do this by asking the 
examiner questions to which the examiner can only answer “yes” or “no”. A maximum of 
twenty questions is allowed. Several scores of the Tower of London (ToL; Shallice, 1982) were 
added because subjects were also asked to do this test inside the scanner: number of items 
correct in one trial, total number of items correct, and total time. At T2, a newly designed test 
was administered in addition to these existing neuropsychological tests: the Executive 
Secretariat Task (Spikman et al., 2007), which is considered a more ecological valid measure of 
executive functioning (Lamberts, Evans & Spikman, 2009a). The test yields three scores: 
Initiative, reflecting all the actions the subject has initiated without being instructed; Prospective, 
reflecting all the actions that were correctly carried out on a later moment; and Executive, 
reflecting all the actions that were correctly carried out at all. Together these scores form the 
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total score. Besides these neuropsychological tests, the Dysexecutive Questionnaire (DEX; 
Burgess et al., 1996), both patient and proxy, and the Role Resumption List (Spikman et al., 
2003) were administered. The Role Resumption List is a structured interview which indicates 
the extent to which a subject feels he or she has returned to the same level of activities in daily 
life as before brain injury. Finally, the achievement of the goals the subjects set for themselves 
during CRT was determined through a checklist. To correct for possible test-retest effects we 
used control group data from the related study by Spikman et al. (2009). 
 
fMRI tests 
Scanning was also done three times and was always planned as close to the 
neuropsychological testing session as possible. Magnetic Resonance Images were acquired on a 
Philips Intera 3.0 Tesla MR system equipped with an eight channel sense head coil at the 
Neuroimaging Center Groningen. Anatomic imaging was performed with a whole-brain T1 
weighted sequence (TR, 25 ms; TE, 4.6 ms; flip angle, 30°; matrix, 256 × 256; field of view, 256 
mm; slice thickness, 1 mm; number of slices, 160). Functional images were acquired with a 
echoplanar imaging sequence (TR, 3000 ms; TE, 35 ms; flip angle, 90°; matrix, 64 × 64; field of 
view, 224 mm; slice thickness, 3.5 mm; number of slices, 46). The total number of volumes 
differed in the two tests the subjects were presented with, but always ranged from 300 to 315.  
Subjects were asked to perform either one or two tests in the fMRI scanner. All six subjects 
were presented with the Tower of London (ToL). Within the course of our study we developed 
a new test: the Daily Life Planning test (DLP; Lamberts, Renken, Brouwer & Spikman 2009b). As 
the subjects were trained in contextually rich activities we felt the ToL was too abstract and 
artificial to measure the effect of CRT. Therefore we developed a test that, like the ToL, 
involved subgoaling, but also involved elements from real planning situations in daily life. The 
three last subjects included were additionally presented with the DLP in the scanner. Stimuli 
were projected on a screen behind the scanner. Subjects could see these stimuli via a mirror 
above their head. For both tests a block design was created in which an active condition (60 s) 
alternated with a control condition (60 s). There were ten blocks in total. Prior to the first and 
after each block there was a rest period (30 s) in which the subject was instructed to focus on a 
cross in the middle of the screen. These rest periods were included to make the scanning period 
less exhaustive for the subjects. Both the active and the control condition were self-paced, but 
turned automatically to the rest state after one minute regardless of whether the subject had 
responded to the current trial. Each block, including rest, started with an instruction that was 
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displayed for three seconds. In both the active and the control conditions four possible answers 
were presented at the bottom of the screen. The location of the answers on the screen 
corresponded to the buttons on two response boxes, which the subject held in left and right 
hand. The subject could respond by pressing one of four buttons. The specific test items were 
randomised for each subject. Prior to the fMRI experiment the tests were explained and 
practiced. 
During functional measurement, behavioural data (scores on the tests) were collected as 
well. Imaging data were analysed using SPM2. Functional data were realigned, normalized and 
smoothed using Gaussian kernel with a full width of half maximum of 7 mm. Voxels with a signal 
increase during the active condition in comparison to the control condition were labelled as 
positively activated. In individual analysis, active voxels were identified by applying a threshold to 
the T-maps (p<0.05 family wise error correction, T>3.00). For each of the three scanning 
sessions, we calculated the increases or decreases of activation in a specific area from one 
session relative to another. In group analysis, no correction was used (p < 0.02, T>2.76). In 
individual analysis, T-maps were projected on subjects’ own anatomic images. In group analysis, 
the T-maps were projected on an anatomical template using MRIcro 
(http://www.sph.sc.edu/comd/rorden/overlay.html). Group analysis was done for all six subjects 
at T0. At T1 and T2 subject A, who did not complete CRT, was excluded from group analysis. 
Tower of London As stated above we feared that generalization from the real life planning 
situations in CRT to a test like the ToL was likely to be problematic. However, we included the 
ToL because our aim was to evaluate a training focused at planning and goal management and it 
is a typical subgoaling paradigm which has been used very often in fMRI. The original ToL was 
adapted for fMRI use. We combined the designs of two previous neuroimaging studies on the 
ToL (Lazeron et al., 2000; Newman et al., 2003). In the active condition subjects were presented 
with a start and a goal position on a single screen (figure 1) (after: Lazeron et al., 2000). Each 
configuration consisted of three balls of different colours (red, green and blue) placed on rods of 
different heights. The left most rod could hold three balls, the middle two balls and the right rod 
only one ball. Subjects were asked to plan internally the minimum number of moves needed to 
reach the goal position from the start position, with the restrictions that only one ball at a time 
could be moved and only when there was no ball on top. Possible answers were: one or two, 
three, four, and five or more moves (after: Newman et al., 2003). In the control condition 
subjects were presented with the same two configurations, but this time were asked to add up 
the number of red and blue balls displayed. In this condition there were six balls on the screen 
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and the number of red and blue balls differed in each new trial. Again, the possible answers 
were: one or two, three, four, and five or more.  
 
Daily Life Planning test. This test was designed as an ecologically valid parallel version of 
the ToL: it involved planning steps towards a final goal, but the goals in the DLP could also have 
appeared in daily-life. Other studies demonstrated successful use, in a brain-injured population, 
of a test in which steps had to be planned towards a real-life goal (Cazalis et al., 2001; Dritschel 
et al., 1998). In both studies differentiation between healthy controls and patients was possible 
and in Cazalis’ study the patients’ performance was significantly correlated with behavioral 
modifications in everyday life. Very recently, a similar task which involved subjects ordering 
events from daily-life activities was successfully used in an fMRI study (Krueger et al., 2007). The 
DLP consisted of fifteen scripts, each of which described the steps towards a different daily-life 
goal (table 2). For each subject, five scripts were randomly selected from the group of fifteen; in 
each block one script was presented. Four steps, randomly selected from the total number of 
steps (12-25) towards a goal, were displayed on a single screen (figure 2). On every trial subjects 
were asked to decide which of these steps would be the first to take in order to reach the goal. 
 
 
Table 2 Fifteen scripts used in the DLP and the number of steps towards a goal described in each script.  
Script  Number of steps 
Preparing potatoes for diner 12 
Going to the cinema 12 
Organizing a party 12 
Making coffee 12 
Making a phone call 12 
Shopping for groceries 16 
Learning a language 16 
Going to work 16 
Going to the bank 16 
Looking for a job 16 
Celebrating your birthday 16 
Starting a brokers office 20 
Travelling by train 20 
Booking a holiday 20 
Renovating a house 25 
 
Subjects did not have to keep track of decisions made earlier. In the control condition subjects 
were presented with four sentences of equal length as the sentences in the active condition. All 
four sentences had to be read before choosing the sentence in which nonsense was written. 
Correct sentences were for instance: “Having a conversation with your neighbour” or “I love 
playing the piano”. Nonsense sentences were: “Tomorrow the weather will be green” or “The 
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rabbit phoned the queen”. In three trials, spread over the five blocks of the control condition, 
two instead of one nonsense sentence was presented. During instruction subjects were told this 
might happen every now and then, but were not told when or how often it could occur. 
 
Figure 1. Example of the ToL screen. This display shows a three move problem. The start state is 
presented above the goal state. The participant has to decide how many moves it takes to the reach the 
goal state from the start state. The four possible answers are presented at the bottom of the screen. The 
placing of these answers on the screen corresponds to the four buttons on the response boxes which the 
participant holds in left and right hand. 
 
 
Figure 2. Example of the DLP screen. The participant is asked to decide which step to take first when the 
goal is ‘going to the bank’. The four alternatives are presented at the bottom of the screen. The placing of 
these possible answers on the screen corresponds to the four buttons on the response boxes which the 
participant holds in left and right hand. (Translation of the steps: presenting the form to the bank clerk, 
thanking the bank clerk, it is your turn to go to the counter, signing the transaction form)  
 
 
If they found two sentences could be nonsense, they were instructed to choose that sentence 
that appeared most illogical to them. This ensured subjects read all four sentences before 
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making a decision, similar to the active condition. In summary, in both the active and control 
condition subjects had to read four short sentences, think about the content of the sentence, 
make a decision, and press a button. The only difference was that in the active condition the 
decision involved planning. This difference was exactly what we were interested in.  
 
Results 
Brain activation patterns during the ToL analysed for the group as a whole (figure 3) 
showed the least frontal activation at T1. In contrast, the parietal lobe showed the highest level 
of activation at that measurement. The activation pattern at T2 was comparable to that at T0, 
but at T2 this activation was more intense and wider spread.  
  
Figure 3. Group analysis of subjects during ToL. Both frontal and top view of the brain are shown. X= 
stronger activation at T1 compared to T0, Y= stronger activation at T2 compared to T1, and Z= stronger 
activation at T2 compared to T0.  
 
 
With only three subjects, group analysis of the DLP was hardly possible. It did not result in a 
clear activation pattern, but in activation spread throughout the brain, especially at T1. At T2 
there was a little less pronounced activation relative to T1, but more activation than during T0. 
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For both tests, no relationship was found between brain activation and scores on the tests 
performed in fMRI. Brain activation during both tests was also analysed per subject (tables 3, 4 
and 5). These data are presented below.  
Additionally, there are results on the neuropsychological tests and questionnaires. As 
expected, performance on neuropsychological tests did not show a clear trend of either 
improvement or worsening after therapy. The Executive Secretariat Task was more informative 
in that performance on this test reflected reports of the subjects and/or their partners on 
problems they encountered in daily life. On the Role Resumption List three subjects reported 
that daily life was again a little more like it used to be before stroke at every next measurement, 
two subjects reported an increase of daily life activities at T1 and at T2 a decrease, and one 
reported no change in daily life activities. Surprisingly, three subjects reported an increase of 
problems at T2 relative to T0 on the DEX. Two others reported an increase of problems from 
T1 to T2. Subjects and their partners do not always seem to agree on the amount of problems 
experienced in daily life, but also in the case of the DEX-proxy the majority reported an 
increase of problems either at T1 or T2. Also these results will be discussed for each subject 
separately. 
 
Subjects presented with ToL only  
Subject A  
This subject was right-handed, had educational level three, and suffered an ischaemic 
stroke high in the right internal carotid artery at the age of 62. Beforehand he had several 
transient ischaemic attacks in the same area. CT-scan during admission in hospital showed that a 
large area at that site had been affected. He was referred for treatment of the dysexecutive 
syndrome six months post-onset. Anatomical MRI at T0 showed: several white matter lesions 
both left and right and shrinkage of the right caudate nucleus head. After three sessions he 
decided to stop therapy, but was willing to further undergo neuropsychological testing and fMRI 
scanning at the same time schedule as the other subjects, thus providing data on repeated 
measurements without therapy. No therapy goals were formulated. 
 fMRI data showed that at T1, as compared to T0, this subject showed stronger 
activation in the left medial and left inferior frontal lobes, and the left precuneus. Furthermore, a 
decrease of activation was found in the left superior frontal lobe and the right inferior parietal 
lobe. At T2 the only increase relative to T1 was found in the right superior frontal lobe. Most 
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areas showed a decrease of activation: the left middle and right inferior frontal lobe, and the 
inferior parietal lobe bilateral. In comparison to T0 all frontal activation during T2 was less.  
He performed well on the Executive Secretariat Task with only a slightly low score on 
the prospective subscale. On the DEX subject A reported an improvement at T1 and a little 
worsening at T2. His wife reported a lot more problems at T1 and even a bit more at T2. At T1 
he reported that his daily life activities had changed more to what they used to be like before 
the stroke, but at T2 there was a decrease of activity level again. 
In summary, compared to T0 there was mainly an increase of frontal activation at T1, 
while at T2 there was mainly a decrease. The precuneus showed an increased activation in the 
left hemisphere at T1, while the parietal inferior lobe showed a decrease of activation at T1 and 
even further decrease at T2. He performed well on the Executive Secretariat Task and reported 
improvement of executive functioning and daily life functioning at T1, but a little worsening at 
T2. His wife reported worsening at T1 and further worsening at T2.  
 
Subject B  
This subject suffered a mild ischaemic stroke in the left hemisphere three days after his 
56th birthday. As a result he had word finding problems, minor loss of motor functioning in his 
right hand and cognitive complaints. He was right-handed, his educational level was five, and he 
started therapy twenty-one months post onset. MRI at T0 showed a cortical lesion in the left 
parietal lobe. In total he had twenty one-hour sessions. He set the following goals for himself to 
achieve through therapy: increasing initiative, finishing what has been started, realistic time 
management, and above all being more satisfied with his regained abilities.  
 fMRI at T1 relative to T0 showed a decrease of activation in the left superior and right 
medial frontal lobes, and the right precuneus. Compared to T1, at T2 frontal activation 
increased again: right superior, bilateral medial, and left inferior frontal lobes were activated 
stronger. Activation in the left inferior parietal lobe decreased relative to T1. Comparing T2 
with T0, there were no differences in parietal activation; stronger activation in the right superior 
and left inferior frontal lobes at T2; and stronger activation in the right medial and right inferior 
frontal lobes at T0. 
His scores on the Executive Secretariat Task were all very low except for his score on 
the prospective subscale. On the DEX, the subject reported more problems at each next testing 
session. His wife reported an increase of problems at T1 and a decrease again at T2 only two 
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points below T0. At each consecutive testing session he found that his daily life had become a 
little more like it used to be before stroke. The only goal which he, according to himself, really 
had achieved at T2 was realistic time management.  
  In summary, fMRI data at T1 showed a decrease of frontal and precuneus 
activation as compared to T0. At T2 relative to T1 frontal activation increased again and left 
inferior parietal lobe decreased. Subject B had low scores on the Executive Secretariat Task, 
reported an increase of problems experienced at each consecutive measurement, and felt he 
had only achieved one goal he had set for himself during therapy. In contrast, he experienced his 
daily life becoming more and more the same as before the stroke. His wife reported more 
executive functioning problems at T1 relative to T0 and a decrease of problems at T2 below 
both T0 and T1.  
 
Subject C 
Subject C was right-handed, had educational level six, and was 75 years old when he 
suffered an ischaemic stroke in the left middle cerebral artery affecting the temporal lobe. Six 
months prior to the stroke he was already diagnosed with atrial fibrillation and treated for it. 
Next to cognitive and motor problems he had aphasia. After clinical language therapy he was 
able to understand and produce spoken and written language. However, he was still impaired in 
all those language functions. Nine months after his stroke he was referred for CRT aimed at 
executive functioning. MRI at T0 showed a cortical lesion from the left temporal lobe to the 
angular gyrus. Due to his high age he was excluded from the larger study by Spikman et al. 
(2009), but he was included in the neuroimaging study and had nineteen therapy sessions. His 
goals for therapy were: achieving goals in daily life without being distracted and managing large 
amounts of information when being overwhelmed by it.  
At T1 compared to T0, there was an increase of frontal activation in the left superior 
and left medial lobe and a decrease in the left inferior lobe. At T2, activation in the right 
superior frontal lobe decreased in comparison to T1. Activation of the right precuneus 
increased at T1 relative to T0, and at T2 the right inferior parietal lobe showed increased 
activation as compared to T1. Comparing activation at T0 with T2 showed right superior, left 
inferior and left orbitofrontal lobes were stronger activated at T0, while the left medial frontal 
lobe was stronger activated at T2. The left inferior parietal lobe was stronger activated at T0 
than T2, while its right counterpart was stronger activated at T2.  
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His performance on the initiative subscale of Executive Secretariat Task was poor, but 
he performed well on the other three subscales. On the DEX he reported no change in 
executive problems at T1, but an increase of problems at T2. His partner reported at T0 and T2 
to experience almost the same amount of problems; a little more at T2. The goals he had set 
had partly been reached. The subject found he was better able to manage distraction, but still 
found it hard to manage information, especially when it was spoken or written information. He 
decided to try and accept that and left situations in which information had to be handled over to 
his son or partner. In daily life the most obvious change was that he started driving again. At T2 
he stated that, compared to T0, he was less satisfied with the way he could participate in daily 
life activities. 
 In summary, at T1 relative to T0 increases of activation were found in two 
frontal areas and a decrease in one. At T2 there was a decrease of frontal activation as 
compared to T1. Most frontal areas showed stronger activation at T0 than at T2. In the parietal 
lobe there were increases at T1 and T2. His Executive Secretariat Task scores were fine except 
for his score on the initiative subscale. He experienced most problems and was less satisfied 
with his daily life activities at T2. His partner did not report a change in executive functioning 
problems.  
 
Subjects presented with ToL and DLP 
Subject D 
This subject was left-handed and his educational level was four. At age 55 he suffered a 
severe ischaemic stroke in the left middle cerebral artery area. Sulci in this area seemed 
affected. Thrombolysis resulted in rapid improvement of motor function, but aphasia remained. 
During clinical language therapy, the subject improved and at the time he was referred for CRT 
he had slight word finding problems, was a little slower in formulating sentences and needed a 
little more time to process spoken or written information. Understanding of instructions went 
well. Seven months post onset he started therapy and he had twenty sessions in total. MRI at T0 
showed left fronto-parietal atrophy with wide sulci, including the Sylvian fissure, and white 
matter lesion below the left angular gyrus. During therapy he formulated two goals for himself: 
in preparation of an activity think ahead of the steps needed to be taken, and keeping better 
track of the time spent at a certain activity.  
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At T1 all frontal activation found was stronger compared to T0 activation in both the 
ToL and the DLP. In the ToL the activation was stronger in the left superior, right medial, left 
inferior and bilateral orbitofrontal lobes. During the DLP, activation was stronger bilaterally in 
the medial, inferior and orbitofrontal lobes. Also parietal activation increased from the T0 to T1:  
in the left precuneus and bilateral inferior parietal lobe during the ToL and in the right inferior 
parietal lobe during the DLP. At T2 compared to T1, during the ToL, there was again an 
increase of a few frontal areas, all in the left hemisphere: superior, medial and inferior lobes. In 
contrast, in the DLP there was a decrease of left frontal medial activation. Inferior parietal lobe 
activation showed an opposite pattern: a decrease bilaterally during the ToL and an increase in 
the left hemisphere during the DLP. In general, both frontal and parietal activation was stronger 
at T2 thanT0. 
The Executive Secretariat Task scores of subject D were fine with only the score on the 
executive subscale being slightly low. On the prospective subscale he had the maximum score. 
On the DEX he reported a lot less problems at T1 and again a lot more at T2. His wife had the 
same experience although she reported a smaller difference between the measurements. At T1 
and T2 he was more satisfied with the way he could participate in daily life activities than he was 
before therapy. According to him he had completely achieved his goals for the therapy, already 
at T1. 
 Summarised, at T1 there was a significant increase of both frontal and parietal activation. 
At T2 frontal activation increased further during the ToL, but decreased in the left medial frontal 
lobe during the DLP. Parietal activation decreased during the ToL and increased during the DLP. 
He performed well on almost all subscales of the Executive Secretariat Task. Subject D 
experienced fewer problems at T1 and more at T2 as did his wife, but was satisfied with his 
functioning in daily life.  
 
Subject E  
This subject was right-handed and had educational level six. A few weeks before his 59th 
birthday he had an ischaemic stroke in the right middle cerebral artery area. After thrombolysis 
he had a hemorrhagic stroke also in the right hemisphere. During that hospital admission the 
subject was also diagnosed with atrial fibrillation. Five months after his stroke he started CRT. 
At T0 MRI showed a right lateral-frontal lesion including the frontal operculum. He formulated 
five goals for himself: controlling emotions, driving, making decisions on how to fill in his 
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professional career, managing the scarce amount of energy, slow down speed of acting to be 
inline with his slowness of thinking so fewer mistakes will be made.  
 At T1 compared to T0 the left superior and left medial frontal lobes showed a decrease 
of activation, while the right inferior frontal lobe is activated stronger during the ToL. In 
contrast, during the DLP, the left superior frontal lobe showed stronger activation and the left 
inferior frontal lobe showed weaker activation at T1. In the parietal lobe the only difference is 
found during the DLP where, at T1, the right precuneus showed a decrease in activation and the 
right inferior lobe an increase relative to T0. At T2 there is no difference in intensity of 
activation found during the DLP when compared to T1. In the ToL however, the right 
orbitofrontal and left superior frontal lobe showed increased activity, while the right medial and 
right inferior frontal lobes showed a decrease. Comparing T2 with T0 during the ToL, some 
frontal areas were stronger activated, while other showed less activation. During the DLP there 
was more frontal activation at T2. 
On the Executive Secretariat Task he scored very well on each subscale, suggesting 
good executive functioning in daily life. This subject reported an increase of problems in 
executive functioning at T1. At T2 he experienced a decrease, but there were still more 
problems than at T0. His wife reported most problems at T2. His daily life activity level was a 
little more like it used to be before stroke at each consecutive measurement. At T1 he claimed 
to have achieved his goals a great deal and at T2 all goals but one were completely achieved. 
Only the control of his emotions was not yet fully achieved according to himself.  
 Summarised, at T1 most frontal areas showed a decrease in activation compared to T0. 
At T2 the DLP showed no difference in activation and the ToL resulted both in frontal increases 
and decreases. The Executive Secretariat Task went very well. At T0 this subject reported the 
least executive problems and at T1 the most. His wife reported most problems at T2. His daily 
life activity level had become more like it used to be and all goals, but one, had been achieved.  
 
Subject F  
At age 59 this right-handed subject suffered a vertebral-basilar ischaemia. There were no 
signs of an infarct at MRI scans. Educational level of this subject was two. Six months after his 
stroke he was referred for CRT, and had sixteen sessions in total. At T0 there were no lesions 
visible on MRI scans. As goals for therapy he formulated: more peace in my head, daily life more 
organised, stop impulsiveness, keeping track of time during an activity. 
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 Comparison of frontal activation at T0 and T1 in both the ToL and the DLP showed 
most areas were stronger activated at T0. At T0, activation is stronger in the left superior, left 
inferior, and bilateral orbitofrontal lobes during the ToL; and in the left superior, right medial 
and bilateral inferior frontal lobes during the DLP. At the same time activation during the ToL is 
weaker in the right superior and right medial frontal lobes, and during the DLP in the 
orbitofrontal lobe bilaterally. The right inferior parietal lobe showed an increase in activation at 
T1 compared to T0 during the ToL, while there was a decrease of precuneus and inferior 
parietal lobe activation during the DLP. At T2 most frontal areas showed an increase of 
activation relative to T1. During the ToL the right superior, left medial, bilateral inferior, and left 
orbitofrontal lobes were stronger activated, while the right orbitofrontal lobe was activated 
weaker. During the DLP, bilateral superior, right medial, and bilateral inferior frontal lobes were 
stronger activated; and the left medial frontal lobe was activated weaker. In the parietal lobe 
there were decreases in activation in the precuneus and inferior lobe during the DLP. During 
the ToL the precuneus showed a decrease, while the right inferior parietal lobe showed an 
increase of activation. In general, more frontal areas showed increased activation when 
comparing T2 with T0.   
On the Executive Secretariat Task this subject performed poorly on all subscales, his 
best score was on the prospective subscale. Unfortunately, the DEX was not presented to this 
subject and his wife at T1. Therefore we can only present scores at T0 and T2. Both partners 
reported most executive functioning problems at T0. According to the subject his daily life was a 
little more like before he had the stroke at each consecutive measurement. At T2 the subject 
reported most goals to be almost or completely achieved, with the exception of his desire to 
control his impulsiveness which, to his opinion, was only a little under control.  
 In summary, in the DLP the strength of frontal and parietal activation mostly decreased 
from T0 to T1. At T2 parietal activation further decreased, while most frontal areas showed an 
increase of activation. The main pattern in the ToL was a decrease of activation in frontal areas 
and an increase of parietal activation at T1. At T2 there was an increase frontally. Subject F had 
low scores on the Executive Secretariat Task. Both the subject and his wife reported a decrease 
of executive functioning problems at T2. The subject experienced his daily life activity level to 
have changed towards the level it used to be and he found he had achieved the therapy goals 
except for the goal on impulsiveness. 
 
 
Table 3 Areas with significant increases of activation during the ToL. 
First, increased activation at T1 relative to T0 is presented, then at T2 relative to T1, and finally increases at T2 relative to T0. 
L = left hemispheric activation, R = right hemispheric activation 
Active area Brodmann T1>T0 
Subjects 
  A     B       C      D       E       F 
T2>T1 
 
  A     B      C       D       E        F 
T2>T0 
 
  A      B       C       D      E       F 
Orbital gyri 11, 12, 47    LR       R L    L R L 
Superior frontal gyrus 8, 9, 10, 11, 12   L L  R R R  L L R  R  LR R R 
Middle frontal gyrus 8, 9, 10, 11, 12, 46 L  L R  R  LR  L  L   L LR  L 
Inferior frontal gyrus 44, 45, 47 L   L R   L  L  LR  L  LR L L 
Precuneus 7 L  R L               
Superior parietal lobule  5, 7        L        L   
Inferior parietal lobule, 
supramarginal and angular gyri 





Table 4 Areas with significant decreases of activation during the ToL. 
First decreased activation at T1 relative to T0 is presented, then at T2 relative to T1, and finally decreases at T2 relative to T0. 
L = left hemispheric activation, R = right hemispheric activation 
Active area Brodmann T1<T0 
Subjects 
A      B     C       D      E       F 
T2<T1 
 
A       B     C       D       E       F 
T2<T0 
 
 A     B       C       D       E       F 
Orbitofrontal gyri 11, 12, 47 L     LR      R L  L   R 
Superior frontal gyrus 8, 9, 10, 11, 12  L   L L   R    LR  R    
Middle frontal gyrus 8, 9, 10, 11, 12, 46  R   L  L    R  R R   LR  
Inferior frontal gyrus 44, 45, 47   L   L R    R  LR R L  R  
Precuneus 7  R          L       
Superior parietal lobule  5, 7       L            
Inferior parietal lobule, 
supramarginal and angular gyri 






Table 5 Areas with significant increases and decreases of activation during the DLP. 
First activation at T1 relative to T0 is presented, then at T2 relative to T1, and finally T2 relative to T0. 
L = left hemispheric activation, R = right hemispheric activation 
Active area Brodmann T1> T0 
Subjects 
 D     E      F                  
T1<T0 
 
D E     F 
T2>T1 
 
D     E     F 
T2<T1 
 
  D    E      F      
T2>T0 
 
D    E      F 
T2<T0 
 
 D      E     F 
Orbital gyri 11, 12, 47 LR  LR          L  L    
Superior frontal gyrus 8, 9, 10, 11, 12  L    L   LR    R R    L 
Middle frontal gyrus 8, 9, 10, 11, 12, 46 LR     R   R L  L L R     
Inferior frontal gyrus 44, 45, 47 LR    L LR   LR      L    
Precuneus 7     R R      LR     LR  
Superior parietal lobule  5, 7 R           R R      
Inferior parietal lobule, 
supramarginal and angular gyri 
39, 40 R R    L L     R L      
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Discussion 
Brain activation patterns were analysed for the total group of patients who successfully 
completed therapy as well as for each subject separately. The last method was recommended in 
order to make valid clinical interpretations when analysing imaging data of brain injured subjects 
(e.g. Bigler, 2001; Hillary et al., 2002). The wide variability in anatomical and functional 
organisation after brain injury complicates the interpretation of data. Recovery of function or 
intact task performance may be the result of several, individually variable, neuronal and cognitive 
mechanisms (Price, 2002; Weiller, 1998). Furthermore, the question whether the lesion has 
displaced or replaced the healthy tissue surrounding it makes spatial normalisation difficult 
(Hillary et al., 2002).  
However, there were interesting trends in activation patterns found in the group as a 
whole. Compared to a group of healthy subjects presented with the same tests (Lamberts et al., 
2009b, the group of patients in the present study showed less frontal and more parietal 
activation at all three measurements. This lower level of frontal activation in patients at T0 is in 
line with what we expected to find and was not caused by focal frontal lesions as all of them had 
lesions elsewhere in the brain. Their dysexecutive syndrome, and the lower level of frontal 
activation, was a result of diffuse damage to other structures part of the neuronal network 
underlying executive functioning. The stronger frontal activation in the healthy control group 
performing the ToL (figure 4) was mainly localised in the right frontal lobe. During the DLP the 
healthy control group showed stronger activation in the dorsolateral prefrontal cortex and the 
anterior cingulate cortex, with slightly more activation in the left hemisphere. Regarding the 
DLP, we should be careful drawing conclusions as only a small number of subjects performed 
this test in the present study. However, as results on both tests are similar, we can conclude 
that brain injured subjects relied more heavily on parietal areas while performing EF tests than 
healthy controls, whereas the latter showed stronger activation in frontal areas associated with 
EF.   
This increased parietal activation in the brain injured subjects (figure 5) was surprising. It 
was expected to find activation in the parietal lobe as this has been found in a number of studies 
using the ToL (e.g.  Baker et al., 1996; Heuvel van den et al., 2003; Lazeron et al., 2000). 
However, we did not expect the parietal lobe to play as large a role as it did. A probable cause 
of this parietal hyperactivity might be found in the low level of frontal activation. In the study by 
Van den Heuvel et al. (2003) an fMRI paradigm with the ToL was used which was very similar to 
ours. They focused on the effect of task complexity in a group of healthy subjects. Next to 
102   Chapter 5 
 
frontal brain areas, they found the bilateral precuneus and inferior parietal cortex to be 
correlated with increased task load. These parietal areas therefore seem to be involved in the 
actual planning component of the test and not mainly in visuo-spatial information processing as 
suggested by earlier studies using the ToL (Baker et al., 1996; Dagher et al., 1999). Also other 
authors have discussed the involvement of parietal areas in executive functioning (e.g. Cavanna 
et al., 2006; Fassbender et al., 2004; Szameitat et al., 2002). 
 
Figure 4. Group analysis while performing the ToL;      Figure 5. Group analysis while performing the ToL; 
stronger activation of sixteen healthy controls      stronger activation of the stroke patients 
(Lamberts et al., 2009b) compared to the stroke      compared to sixteen healthy controls 
subjects. Activation patterns were compared at T0,      (Lamberts et al., 2009b) . Activation patterns 
T1 and T2. Both frontal and top views of the brain      were compared at T0, T1 and T2. 
are shown.     Both frontal and top views of the brain are  
    shown.  
 
 
There is of course also an explanation more in line with the visuo-spatial information processing 
role of the parietal lobe. Subjects presented with a complex ToL problem or subjects suffering a 
dysexecutive syndrome might recruit their visual-processing system more because they have to 
                      Frontal vs. Parietal Involvement in Planning after Cognitive Rehabilitation Therapy of 
                                               the Dysexecutive Syndrome: Six Case Studies of Stroke Patients  103    
 
scan the visual information more often and have more difficulty to keep track of the steps they 
have already taken to reach the solution. Either way, in our subjects, it could well be that to 
compensate for hypofrontality the parietal lobe was recruited and that six months after CRT 
hypofrontality had not recovered sufficiently so parietal compensatory activation was still 
needed. This brings us to the unexpected results concerning the frontal lobe activity. We did 
not find a direct increase of frontal activation after CRT. Nor did we find a relative decrease of 
frontal activation at T2 compared to T1; we found an increase. We expected that at T2 
executive functioning would be performed more efficiently and less dependent on strict control 
by frontal processes. Our results suggest that in many cases there is a more delayed increase of 
frontal activation, a while after CRT has ended. As this frontal increase was accompanied by a 
parietal decrease in activation it further strengthens our parietal compensation hypothesis. 
Interesting questions for further research on this point would be whether frontal activation 
further increases and parietal activation further decreases over time. Furthermore, the exact 
function of the extra parietal activation should be studied. Is it involved in the planning process 
or is it a result of more intense visuo-spatial information processing? 
fMRI data were also considered in combination with the results on measures of 
executive functioning in daily life. These measures answered the most important question for 
the participating subjects: did they improve in executive functioning after CRT? Several measures 
indicated that subjects indeed showed recovery of executive functioning. In the larger research 
project on the therapy protocol (Spikman et al., 2009) the total group of patients showed most 
improvement in daily life executive functioning, measured with questionnaires and tests, at T2. 
Moreover, patients included in the experimental treatment group, the same treatment subjects 
B-F had received, performed better on the Executive Secretariat Task than the patients who had 
received the control treatment. In the neuroimaging study, four of the five subjects who 
received CRT performed best in daily life at T2. At that time, daily life was reported to have 
changed most towards what it used to be before stroke and the goals subjects had formulated 
for themselves had been achieved. Subjects A and E performed best on the Executive Secretariat 
Task, suggesting they would have the least problems with executive functioning in daily life 
compared to the other subjects. Indeed, subject E reports the least problems in daily life on the 
DEX, but subject A reports the second most problems at T2. Going into the DEX-scores 
deeper we see that in most cases either at T1 or T2 an increase of EF problems in daily life is 
reported. This seems to contradict the findings on the other measures which suggest that at 
those points in time most subjects have become more active in daily life and have achieved their 
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treatment goals. However, considering that one of the main objectives of the CRT protocol is 
to make subjects and their partners more aware of what EF problems are, these findings are a 
lot less contradicting. Problems that previously might have gone unnoticed or labelled as 
something else are now being reported. Another explanation is that, as CRT leads the subjects 
to become more active in daily life they are confronted more often with their limitations than 
when they would have stayed at the same level of inactivity as before CRT.  
 Linking fMRI data to these results on, partly subjective, EF measures provides us with 
further evidence for the compensatory role of the parietal lobe discussed above. As the results 
of the DLP were ambiguous we will concentrate on the findings during the ToL. Three of the 
five patients who completed CRT showed increased parietal activation at T1. In subject B 
parietal activation decreased at that measurement. Furthermore, subject B reported an increase 
of executive functioning problems at T1 and he was the only one who reported goals were only 
slightly reached whereas the others reported more success. These findings support the 
hypothesis that compensatory parietal activation leads to better executive functioning. The 
question remains why he showed a deviating activation pattern. There might be a relation with 
the fact that he started CRT twenty months post onset unlike the others who all started within 
one year after stroke. This would lead to the conclusion that CRT should be started shortly 
following stroke for parietal compensatory activation to play a role. However, as it concerns 
only this single case, such a conclusion cannot be drawn. Subject E showed no differences in 
parietal activation between T0 and T1 nor between T1 and T2. He was highly educated and his 
work had involved a great deal of executive functioning. Probably, his high level of premorbid 
functioning enabled him to perform the tests in fMRI without extra parietal compensation. Next 
to B, subject E was the only subject reporting an increase of executive functioning problems in 
daily life at T1. On the basis of these data it is mere speculation to suggest that they would have 
experienced fewer problems at T1 had they shown extra parietal activation. The deviating 
results of subject C at T2 also fit into this parietal compensation hypothesis. At T2 compared to 
T1, subject C was the only subject showing merely an increase of parietal activation. 
Furthermore, subject C was the only subject who completed CRT and showed no increases of 
frontal activation at T2 compared to T1. In his case the increase of parietal activation might have 
been a reaction to the low level of frontal activation. Regrettably, it seemed that this long after 
CRT extra parietal activation did not result in better functioning: subject C reported a decrease 
of daily life activities. There is another plausible and possibly linked explanation for the increased 
parietal activation besides this compensation hypothesis. Our measures, however, do not allow 
either confirmation or rejection of it. This explanation lies in the fact that in most previous 
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studies parietal activation during the ToL has been associated with visuo-spatial information 
processing. It is well-known that information processing after brain injury is slower and more 
effortful (e.g. Brouwer, 1985;  Gerritsen, Berg, Deelman, Visser-Keizer, & Meyboom-deJong, 
2003; Ponsford et al., 2008;  Schmitter-Edgecombe, Marks, Fahy, & Long, 1992;  Spikman, 
Zomeren van, & Deelman, 1996). As suggested earlier in this discussion, it is very well possible 
that processing visuo-spatial information required our subjects to recruit more brain areas and 
use those areas more intensively. It would be worthwhile to study this option further. The DLP 
would be an essential test in that research as it does not involve visuo-spatial information 
processing. 
This combination of data also provided insight in the frontal brain processes underlying 
recovery of executive functioning after CRT. For instance, changes in frontal activation after 
CRT seem to be linked with resumption of previous activities. At T2 relative to T0, subjects A 
and C showed the most extensive decrease of frontal activation in comparison to the other 
subjects. Both subjects were also the only subjects reporting daily life activity level decreased at 
that time. The findings in subject C were discussed above. Subject A is a totally different story as 
he decided to stop CRT after a few sessions. In these first sessions information is given about 
the dysexecutive syndrome and the effect it has on daily life functioning in general. Additionally, 
subjects are informed about their own cognitive and executive impairments in relation to daily 
life functioning in order to gain insight into their weaknesses and strengths. These sessions might 
have provided him with enough knowledge to adjust his daily life in such a way that he could 
engage in more daily life activities again, which was accompanied by an increase of frontal 
activation at T1. However, at T2 it became clear that he had not learned the skills to remain 
active in daily life at that level and that his frontal activation did not improve further: there was a 
decrease of frontal activation found at T2, even below the level of T0, and he reported a 
worsening on the Role Resumption List as compared to T1. 
Another interesting finding was that three of the five subjects who completed CRT, 
showed a decrease of frontal activation from T0 to T1 before they showed an increase at T2. 
This suggests that CRT delayed the increase of frontal activation and made these subjects use 
their EF even less. Maybe this finding relates to the fact that, although subjects reported to have 
resumed more activities in daily life, during CRT all these activities were planned together with 
the therapist and performed as homework assignments. It is not until therapy is completed that 
subjects independently start using the strategies they learned. This does not explain why the two 
other subjects did show an increase. Another explanation lies in the specific deficits of the 
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subjects. The three subjects with decreased frontal activation at T1 all reported problems with 
regulation of behaviour or emotions, either being too apathetic or too impulsive. The two 
subjects who showed an increase of frontal activation at T1 had aphasia. As CRT was tailored to 
the subjects’ specific executive and cognitive functioning deficits it is likely that these differences 
in emphasis within a therapy led to diverse changes in brain activation. 
In summary, the results of this study lead to the following conclusions and hypotheses. 
First, at T0, T1, and T2 patients were less frontally active than healthy controls and 
compensated through extra parietal activation. Second, the compensatory activation of the 
parietal lobe might be restricted to the first year after stroke. Third, we found a link between 
the positive effects of CRT: subjects becoming more active in daily life and increased frontal 
activation. As expected, CRT did lead to increased frontal activation. However, this process 
stretched over a longer period of time than expected. The increase of frontal activation seemed 
dependent on actual application of the learned strategies to daily activities. Fourth, the first few 
sessions of the evaluated CRT protocol (Spikman et al., 2009) already resulted in better 
functioning, but more training was needed to remain at or increase that level of functioning at 
T2. Finally, tailoring CRT to the specific needs of each individual patient seemed to be reflected 
at the level of brain activation changes. 
This study has led to interesting results some of which suggest further research. An 
interesting subject for research would be to find an explanation for the suggested link on group 
level at T2 between increased frontal activation, better functioning in daily life, and increased 
report of EF problems. It has been hypothesised by other authors that increased brain activation 
reflects increased effort which results in better performance, but more complaints as well (e.g. 
McAllister et al., 2001; Ricker et al., 2001). We did not have enough evidence in our study to 
draw that conclusion. Additional measures of effort experienced while performing executive 
functioning tasks in daily life might have clarified this matter. This information would also have 
been useful to further understand the increased parietal activation in the brain injured subjects. 
Furthermore, a remark should be made on the DLP. This test was included as it involved more 
elements from real planning situations in daily life and therefore was expected to reflect better a 
subject’s improvement on the skills learned in CRT. The DLP was only presented to three 
patients and group analysis did not result in clear brain activation patterns. Individual analysis of 
ToL and DLP resulted in more or less the same information. Although the results in this study 
do not seem to demonstrate a clear additional value of the DLP to a more classical fMRI 
measure, the results in the group of healthy controls did (Lamberts et al., 2009b) . For instance, 
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the DLP showed greater involvement of the parietal lobe than the ToL. This finding suggests that 
the DLP could further clarify the function of the parietal lobe in improvement of executive 
functioning after CRT. Therefore further research using the DLP in larger patient groups is 
recommended. It might be that the DLP shows, more than the ToL does, the different routes 
through which patients with a dysexecutive syndrome try to solve everyday planning problems. 
Finally, research should be done to test the recommendations for clinical practice derived from 
our results. The first of those findings to be evaluated is whether CRT indeed should be started 
within a year after brain-injury. Another recommendation to be studied further, is whether CRT 
aimed at improvement of executive functioning leads to better or faster recovery if it consists 
only of a short period of intense training, followed by a longer period in which a patient takes up 
his own life again, but reports to his therapist on a regular basis.  
These remarks and recommendations for clinical practice illustrate the additional value 
of fMRI measures in research on neuropsychological rehabilitation. It allows us to generate and 
test hypotheses on more levels than when only neuropsychological test results are being 
collected. Thus, although clinical use of fMRI in neuropsychological rehabilitation does still seem 
a long way to go, our suggestions for further research might provide solutions for problems 









































General Discussion and Conclusions 
 
The aim of this thesis was to perform an ecologically valid evaluation of a newly 
developed multi-faceted treatment protocol for the dysexecutive syndrome in patients with 
brain injury (Spikman et al., 2009). The methods available for this were: functional Magnetic 
Resonance Imaging (fMRI), neuropsychological tests and questionnaires.  
Within the several sections of this thesis, executive functions (EF) proved to be 
complicated functions to perform research on, especially as the research was aimed to have 
clinical relevance. There were several factors responsible for this. To start with, EF are hard to 
capture in traditional neuropsychological assessment. They are the functions that enable a 
person to initiate, regulate, and introspect upon behaviour over a long period of time without 
external cueing. A situation in which this is brought into practice is best described as 
‘multitasking’ (Burgess et al., 2005a). The authors distinguish this from multiple-task performance 
by stating that multitasking involves an ill-structured situation and the activation of delayed 
intentions. Many factors inherent in an assessment situation make it quite different from  daily 
life situations that require executive functioning: cues (Spikman et al., 2000a), absence of 
distraction, structure provided (Chamberlain, 2003), and the abstract and artificial tests itself. 
Furthermore, EF tests make demands on other (non-executive) cognitive functions (Rabbitt, 
1997). Finally, most tests only assess one or two of the elements essential for executive 
functioning and ignore the remaining elements, particularly motivation and emotion. This can 
result in brain injured patients performing on the level of healthy controls in an assessment 
procedure while experiencing severe dysexecutive problems in daily life (e.g. Wood et al., 2004). 
Moreover, results on neuropsychological tests are not easily translated to a person’s level of 
executive functioning in daily life. This “functional and predictive relationship between the 
patient’s performance on a set of neuropsychological tests and the patient’s behaviour in a 
variety of real-world settings” (Sbordone, 1996 p.16) is termed: ecological validity. In functional 
neuroimaging research it is even more complicated, and there probably has been less urge, to 
design ecologically valid tests. Movement restrictions, elementary research questions without a 
clinical context, or, in patient research, restrictions caused by physical or cognitive impairments 
of the participants, have resulted in a large range of tests with too much structure provided by 
the test and therefore hardly any element of executive functioning left. 
Besides assessment, neuropsychological rehabilitation of the dysexecutive syndrome is 
extremely challenging. One of the reasons for this lies again in the fact that many elements 
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together constitute executive functioning. It follows that the diverse elements can be 
differentially impaired in individual patients. The main challenge, however, in treating the 
dysexecutive syndrome is that it involves impairments in self-awareness and an inability to 
change and adapt behaviour (Fischer et al., 2004; Hart et al., 2004; Marin, 1997; Prigatano, 1991). 
Only when taking these challenges into account, an intervention can be designed that is clinically 
relevant: improving executive functioning in daily life. Some well-designed studies have been 
carried out addressing one or more elements of executive functioning, but very few multi-
faceted treatment protocols are described. The protocol that we had the opportunity to 
evaluate was aimed at the full range of EF and did provide the possibility to tailor it to the 
patients’ exact dysfunctions. 
These challenges in designing ecologically valid EF tests and clinically relevant treatments 
for the dysexecutive syndrome are all the more important to take into account because EF are 
essential for independent functioning. What is more, EF are indispensable in the process of 
resuming previous activities after brain injury. To guide a patient best in that process, therapists 
need tests with ecological validity and a treatment that provides patients with those strategies 
relevant to their specific impairments and their daily life activities. Concluding, in research on EF 
the relevance of the results for daily life situations should be the focus of attention. This might 
complicate the research design, but ensures results to have a large impact on patients’ lives.  
 
 
Summary of results 
A new EF test for fMRI was developed: the Daily Life Planning Test (DLP). It involved 
subgoaling of everyday activities, resembling the context and content of the treatment protocol. 
Brain activation patterns were analysed in 19 healthy subjects performing the DLP and the fMRI 
version of the Tower of London (ToL; Shallice, 1982); a test used very often in fMRI research on 
EF. As expected, results showed mainly similarities in brain activation between both tests. The 
DLP is a valuable addition to the ToL in EF research because it involves other aspects of the 
planning process. Aspects that probably play a role during planning in daily life. 
Parallel to the development and evaluation of the new test for fMRI, a new office based 
EF test was evaluated: the Executive Secretarial Task (EST; Spikman et al., 2007). 92 participants 
were assessed: 35 brain-injured patients and 57 controls. Analyses showed the EST to be 
sensitive to executive problems, and to have concurrent and ecological validity. 
In research on the multi-faceted treatment protocol, 75 outpatients with acquired brain 
injury and a dysexecutive syndrome were treated either with that protocol (experimental 
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treatment) or with a computerized cognitive training package aimed at improving general 
cognitive functioning (control treatment). Satisfaction and subjective well-being were on the 
same level in both treatment groups. However, the experimental group did perform better on a 
composite measure and this effect lasted at least until six months after treatment. In this 
composite measure three domains of daily life were combined: the ability to set and accomplish 
realistic goals; the ability to plan, organise and regulate a series of real life tasks (EST); and the 
ability to resume previous roles with respect to work, social relations, leisure activities and 
mobility.  
Finally, six stroke patients who were assigned to the experimental treatment group also 
participated in the fMRI study. They were scanned while performing EF tests before treatment, 
after treatment and at follow-up. Additionally, anatomic scans, neuropsychological tests, and 
questionnaires were administered. At all three measuring points the patients showed less frontal 
activation than the healthy controls for which they compensated through extra parietal 
activation. Over time, frontal activation increased in those patients who became more active in 




Ecological validity in executive functioning research: implications 
Neuropsychological tests and rehabilitation 
This research project led to suggestions for interesting further research as well as 
suggestions to improve clinical practice or research on executive functioning in the future. The 
first remark concerns the use of traditional neuropsychological tests for EF. In clinical practice as 
well as in research, neuropsychological tests are still used that have weak psychometric 
properties and lack ecologically validity. This is partly the reason why in most cases there is no 
translation provided from test results to daily life. In clinical practice this leads to uncertainty in 
patients and their proxies on what a certain test score may mean for everyday functioning, how 
they should adapt to the new situation after brain injury and what might be the most likely 
problems they will encounter. In research it leads to studies with no actual meaning for clinical 
practice. In both fields other measures should be considered and the presentation of test 
results, either when informing the patient about his achievement or colleagues about research 
results, should be critically reflected on. In our study the EST proved to have good psychometric 
properties and ecological validity. However, also in this case neuropsychologists should be 
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aware that test scores are presented meaningfully: translated to daily life other than simply 
reporting scores to be either high or low.  
Besides being critical about the use of traditional assessment tools, neuropsychologists 
might perhaps also be stimulated to use alternative measures more often. In the evaluation of 
the treatment protocol such an outcome measure was included: the ability to set and 
accomplish realistic goals.  After half of the sessions, patients were asked to formulate goals they 
wanted to achieve through the treatment. After treatment patients indicated whether they had 
reached their goals and to what extent. This measure proved to be useful in more than one way. 
Not only did it provide a guideline for the main issues to be dealt with during the treatment, but 
also did it provide a very natural outcome measure and motivate patients and their proxies to 
complete the treatment. A comparable method was studied and advocated by Wilson, Evans and 
Keohane (2002). With the addition of goal planning to neuropsychological rehabilitation the use 
of standard neuropsychological tests can be restricted to determining the level of cognitive and 
executive functioning of a patient before treatment instead of determining treatment success. A 
kind of goal planning is probably already being used by many clinical neuropsychologists, but 
applying it in the standardized manner as we did will add to its value. At the other side of the 
spectrum, in research, comparable measures could aid translation of research results to clinical 
practice.   
In summary, the larger problem seems to be: too little research in clinical practice and 
too little clinical practice in research. Whenever both fields are combined, results prove that 
they are valuable additions to each other. The successful test and treatment design in our study 
demonstrated this. The EST showed that it is possible to design a test of which the results can 
easily be translated to a patient’s daily life. The treatment protocol allowed flexibility from the 
therapists. We are certain that this greatly added to the high ratings the protocol received from 
both therapists and patients and to the fact that there were very few patients who dropped out. 
Both the EST and the treatment protocol were developed in a research context and fulfilled a 
need of clinical practice. Hopefully, there will always remain neuropsychologists making the 
effort of combining research and clinical practice, but creating possibilities so more can do the 
same would benefit the whole field of neuropsychology.  
 
Functional neuroimaging in neuropsychology 
Within this neuropsychological context, the possibilities of functional neuroimaging were 
further explored and pondered on. Results of our and other studies show that, at present, the 
additional value of functional neuroimaging to the traditional neuropsychological research 
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methods mainly lies in offering suggestions for new hypotheses: giving neuropsychologists the 
opportunity to look beyond well-known territory. However, standard application of the method 
in neuropsychological research is not yet likely or desirable. It is still a very expensive and time 
consuming technique, there are often only limited facilities available, and it requires a high 
degree of expertise. These external factors often significantly restrict researchers in their study 
design. For instance, in our fMRI study the costs and limited time and scanning facilities were the 
main reasons why the healthy control group was scanned only once in contrast to the patients 
who had three scanning sessions. An inclusion of multiple scanning sessions for the healthy 
control group would have improved the study. As there is the effect of possible changes in brain 
activation patterns due to repeated measurements to take into account. Clearly, this addition 
would have made the comparison between brain activation of healthy controls and that of the 
patients, who had multiple scanning sessions, more accurate. Along the same lines, another 
limitation of our fMRI study was that only three patients were presented with the DLP. This was 
mainly due to the developmental process and the testing phase of the DLP costing more time 
than expected. Results of the DLP in the patients and healthy controls suggested it could offer 
valuable extra information. Therefore further research should be done in which the DLP is 
presented to larger groups of brain injured patients, including a variety of aetiologies, and with 
or without a dysexecutive syndrome. Another group of restrictions are those linked to the 
actual method of functional neuroimaging and have for instance led many researchers to include 
tests that are abstract and artificial representations of reality. This issue has been extensively 
discussed elsewhere in this thesis and motivated us to develop the DLP.  
Besides its application in research, the actual use of functional neuroimaging in 
neuropsychological clinical practice still seems a long way to go to. This is also a larger step to 
take as clinical practice presents research with its own, additional restrictions: the wide 
variability in anatomical and functional organisation after brain injury, patients’ difficulty to 
comply with movement restrictions, extra time needed relative to healthy volunteers, and test 
compliance. We encountered even more restricting factors in our study. Finding patients willing 
to undergo three scanning sessions was not as hard as we expected, but it was difficult to find 
patients meeting the most essential term of fMRI research: no metal implants. Furthermore, the 
scanning sessions proved to be more tiring than expected. Not only because scanning itself took 
almost two hours, but also because the journey to and from the neuroimaging centre was tiring 
and because for some patients the scanning sessions brought back traumatic memories to the 
period just after their brain injury. Due to all these factors we could only include six patients in 
our fMRI study. Besides that being a fairly small group, these patients were all elderly men who 
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had suffered stroke and were included in the experimental treatment group. In a small group 
like this the more similarities the better as a homogeneous group allows for comparison 
between participants. It would have been interesting though to compare the data in the present 
study with data of patients assigned to the control treatment, patients with other aetiologies, 
younger patients, or female patients. The fact that in the present study, one patient stopped 
treatment on his own initiative, but was still willing to undergo the scanning sessions did provide 
us with a sort of control condition. However, as it was his own choice to stop, he could not be 
considered as a methodically correct control patient. Moreover, a large limitation to take into 
account when performing comparative or group analyses in functional neuroimaging is that there 
are many unknown influences of the differences in brain injury on data analysis.  
Concluding, functional neuroimaging is a method that confronts researchers with many 
additional restrictions or considerations besides, for instance, ecological validity. It would be 
unfortunate, however, if ecological validity would just be seen as another complicating factor to 
take into account in a research design, perhaps even leading to the decision to ignore it. Making 
a research design (more) ecologically valid does require extra effort and time, but only then 
neuroimaging can be a valuable instrument which is worth the funding and research time spent. 
A first suggestion to improve ecological validity of functional neuroimaging research in 
neuropsychology is to make sure that the test designed for the scanner really measures what it 
is supposed to. A method to do this is comparing the fMRI-test, in an office-based version, with 
existing neuropsychological tests prior to the actual use inside the scanner. In this way clarifying 
if and to what extent it depends on other (cognitive) abilities like visuospatial processing, 
memory, or attention. This provides the opportunity to refine the test before starting the 
scanning sessions. Of course it is impossible to filter out all other cognitive or executive 
functions and develop a “pure” test of one function. Therefore, to control for the influence of 
those other abilities it would be wise to assess each participant on a battery of 
neuropsychological tests besides placing them in the scanner. Additionally, as many factors 
secondary to the scanning itself as possible should be taken into account. For instance: time of 
the day; quality of sleep; nervousness; and intake of substances as caffeine, nicotine, or drugs. 
These should be registered and kept constant, or added as a factor to data analyses besides the 
usual factors as age, sex, and education. All these factors can be of influence on a person’s 
achievement, brain activation, or test compliance. Finally, behavioural data during the 
neuroimaging session should be collected: reaction time, answers per item, and maybe even 
measures like heart rate or eye movements. These can be used, again, as factors controlling that 
a participant has really been doing what he was supposed to do and that all participants (or one 
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participant across multiple scanning sessions) have been doing the same. It makes comparisons 
within and between participants more accurate. 
Even if all the advises above would be taken into account, the question still remains 
whether specifically executive functioning can be captured in a test, let alone a test inside a 
scanner. As that is a very structured environment, full of cues, only allowing a short time span, 
not allowing multitasking, and where motivational or emotional elements are impossible to 
include or control. Tests in that environment are as abstract and artificial as they can be. Should 
we then keep on trying to capture EF in functional neuroimaging research? The answer 
undoubtedly should be: yes. The importance of research on these functions is quite obvious and 
has been extensively discussed in this thesis. Besides that, developments in office based testing 
have proven that it is possible to develop ecologically valid tests of EF. In functional 
neuroimaging it will take more time and a lot of effort, but in the end this could become a 
valuable research instrument for neuropsychologists. For this to really happen, it is essential that 
researchers do not confine themselves to the scanning room, but (dare to) include clinical 
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Dit proefschrift beschrijft een zoektocht naar de ecologische validiteit (de waarde van 
onderzoeksresultaten bij toepassing in het dagelijks leven) van executieve functie tests en 
neuropsychologische revalidatie gericht op executieve functies. Het is van belang hier een 
duidelijk beeld van te krijgen en de mogelijkheden tot verbetering te onderzoeken. Niet alleen 
omdat executieve functies onmisbaar zijn bij het zelfstandig functioneren, maar ook omdat veel 
onderzoeks- en behandelingsmethodes niet ecologisch valide zijn. 
Het eerste hoofdstuk is een inleiding over executieve functies en het dysexecutieve 
syndroom. Executieve functies zijn hogere orde hersenfuncties die aansturing en uitvoering van 
gedrag controleren en reguleren. Neurale netwerken waar de (pre)frontale cortex een 
essentiële rol in speelt, liggen hieraan ten grondslag. Ze zijn specifiek verantwoordelijk voor 
planning, initiatiefname, regulatie en verificatie van doelgericht gedrag. Executieve functies 
worden vooral ingeschakeld in nieuwe, niet-routinematige situaties of in situaties waarin het 
gebruikelijke, routinematige gedrag niet nuttig of gepast meer is. Daarmee spelen ze niet alleen 
een rol op cognitief niveau, maar beïnvloeden ze ook emotionele reacties en sociaal gedrag. Het 
dysexecutieve syndroom kan ontstaan bij zeer uiteenlopende neurologische of psychiatrische 
ziektebeelden waar de frontale cortex direct of indirect bij betrokken is. In de klinische praktijk 
wordt het syndroom het meest vastgesteld na een beroerte of traumatisch hersenletsel. Het 
dysexecutieve syndroom kan zich ondermeer uiten in: verminderde initiatiefname, ongepast of 
ongeremd gedrag, ongeorganiseerde planning en regulatie van activiteiten en verminderd ziekte-
inzicht of een niet-realistische benadering van de eigen beperkingen.  
Het inschatten van de aard en ernst van het dysexecutieve syndroom wordt veelal 
gedaan aan de hand van neuropsychologisch testonderzoek. Zeker bij dit syndroom zijn tests 
met goede psychometrische eigenschappen en ecologische validiteit nodig. Executieve functies 
zijn namelijk essentieel bij het onafhankelijk functioneren in het dagelijks leven en tijdens het 
revalidatieproces na hersenletsel. De tekortkomingen van bestaande neuropsychologische tests 
hebben geleid tot de ontwikkeling van een aantal nieuwe tests. Daarnaast worden nieuwe 
technieken ingezet om executief functioneren beter te leren begrijpen. Zo worden functionele 
neuroimaging technieken tegenwoordig veel gebruikt. Hiermee kunnen hersenprocessen die ten 
grondslag liggen aan het executief functioneren bestudeerd worden. Deze technieken hebben 
nieuwe inzichten opgeleverd, maar vereisen vaak een zodanig verarmde onderzoeksopzet dat 
ecologische validiteit ver te zoeken is.  
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Herstel na hersenletsel kan op twee niveaus worden bepaald: participatieniveau in het 
dagelijks leven en neuraal herstel of plasticiteit. Tot op zekere hoogte is er spontaan herstel. 
Verder herstel kan gestimuleerd worden door (neuropsychologische) revalidatie. De invloed van 
revalidatiebehandelingen wordt op beide niveaus onderzocht. Ook hierbij wordt tegenwoordig 
functionele neuroimaging ingezet. 
Het tweede hoofdstuk beschrijft de ontwikkeling van een nieuwe executieve functie 
test voor gebruik in een specifieke functionele neuroimaging techniek: functionele magnetische 
resonantie imaging (fMRI). De Daily Life Planning test (DLP) werd ontwikkeld binnen een 
onderzoek naar de veranderingen in hersenactiviteit na een neuropsychologische behandeling 
van het dysexecutieve syndroom. De behandeling wordt verder besproken in hoofdstuk vier en 
de effecten van de behandeling op neuraal niveau in hoofdstuk vijf. In hoofdstuk twee wordt de 
hersenactivatie van negentien gezonde vrijwilligers tijdens de DLP vergeleken met die tijdens een 
computerversie van de Tower of London test (ToL; Shallice, 1982). De ToL wordt veel 
toegepast in onderzoeken naar executieve functies. Binnen de te evalueren behandeling werd 
patiënten geleerd hoe ze in reële situaties in het dagelijks leven hun activiteiten moesten plannen 
om een bepaald doel te bereiken. Aangezien de opgaven van de ToL niet lijken op 
planningssituaties in het dagelijks leven is deze test waarschijnlijk ongeschikt om het 
behandelingseffect op hersenniveau te meten. In de DLP moet de juiste volgorde van stappen 
worden bepaald bij het bereiken van een reëel doel. Hierdoor lijkt deze test meer op de 
context en inhoud van de revalidatiebehandeling. Bij vergelijking van hersenactivatie werden 
geen verschillen in frontale activiteit of in links-rechts verdeling van activatie gevonden. 
Hersenactivatie tijdens de ToL duidde erop dat deze test meer inspanning kostte en complexer 
was dan de DLP. Resultaten van de DLP laten een grote rol voor de parietaal kwab zien en 
weerspiegelden het feit dat ieder mens een uniek plan van aanpak maakt voor het bereiken van 
een doel. Dit onderzoek bevestigt het vermoeden dat de DLP een waardevolle aanvulling op de 
ToL kan zijn omdat het een reëlere afspiegeling is van planning in het dagelijks leven.   
In het derde hoofdstuk wordt verder ingegaan op het feit dat veel 
neuropsychologische tests voor executieve functies niet ecologisch valide zijn terwijl het 
voornaamste doel van neuropsychologisch testonderzoek het voorspellen van iemands niveau 
van functioneren in het dagelijks leven is. Het tekort aan ecologische validiteit wordt met name 
veroorzaakt door het grote contrast tussen de testomgeving en de wijze waarop executieve 
functies worden toegepast buiten de onderzoeksruimte. Dit inzicht heeft geleid tot de 
ontwikkeling van een aantal nieuwe neuropsychologische tests en een van deze tests wordt hier 
geïntroduceerd: de Executive Secretariat Task (EST). Bij deze test moeten, gedurende langere 
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tijd dan bij de meeste traditionele tests, meerdere taken tegelijkertijd worden uitgevoerd. De 
proefpersoon moet prioriteiten stellen, omgaan met onverwachte onderbrekingen, deadlines 
halen en op een later moment kunnen terugkomen op eerder gemaakte plannen. De EST werd 
bij 92 mensen afgenomen: 35 mensen met niet-aangeboren hersenletsel en 57 controle 
proefpersonen. Analyse van de resultaten wees uit de EST gevoelig is voor executieve 
functiestoornissen en dat de EST concurrente en ecologische validiteit heeft.  
 Hoofdstuk vier beschrijft een neuropsychologische revalidatie behandeling voor 
patiënten met het dysexecutieve syndroom als gevolg van niet-aangeboren hersenletsel. Hierin 
werden essentiële elementen voor een succesvolle behandeling van dit syndroom verwerkt. Om 
te beginnen komen alle facetten van het executief functioneren naar voren en is er de 
mogelijkheid de behandeling aan te passen aan de specifieke beperkingen van de patiënt. 
Daarnaast is de behandeling ingebed in het dagelijks leven van de patiënt. Ten eerste omdat een 
abstracte training niet generaliseert naar het dagelijks leven en ten tweede omdat executieve 
functies bij uitstek functies zijn die in het dagelijks leven worden toegepast. Hieruit volgt ook het 
laatste essentiële element in de behandeling: de implementatie van het geleerde in de praktijk. 
Dit is des te meer van belang omdat dit het ziekte inzicht en de motivatie van patiënten ten 
goede komt en juist deze twee zaken vaak beperkt zijn in deze groep patiënten. Dit 
behandelprotocol werd in zeven revalidatiecentra en twee academische ziekenhuizen in 
Nederland toegepast en op effect geëvalueerd. Hiertoe werd behandeling volgens het protocol 
vergeleken met een controlebehandeling. Dit was een computerbehandeling waarin, aan de hand 
van in moeilijkheidgraad oplopende oefeningen, functies als aandacht en geheugen getraind 
werden. In totaal werden 75 poliklinische patiënten met niet-aangeboren hersenletsel in de 
chronische fase van hun herstel (meer dan drie maanden na letsel) behandeld. Voor, direct na en 
zes maanden na behandeling werden een uitgebreide testbatterij en vragenlijsten bij de patiënten 
afgenomen. Hoewel beide patiëntengroepen even hoog scoorden op maten voor tevredenheid 
en welzijn, lieten patiënten die behandeld waren volgens het protocol beter executief 
functioneren in het dagelijks leven zien en hadden zij ook op meer terreinen hun leven van voor 
het letsel weer opgepakt. 
Recentelijk komt er steeds meer aandacht voor het behandelen van het dysexecutieve 
syndroom. Helaas is er nog weinig bekend over de reorganisatieprocessen in het brein ten 
gevolge van zo’n behandeling. In hoofdstuk vijf wordt de hersenactiviteit van zes CVA 
patiënten die behandeld werden met bovenstaand protocol geëvalueerd. Deze patiënten kregen 
executieve functie tests gepresenteerd in een fMRI scanner. Daarnaast werden ze onderworpen 
138   Samenvatting 
 
aan dezelfde testbatterij en vragenlijsten als de patiënten die deelnamen aan het onderzoek 
beschreven in hoofdstuk vier. fMRI resultaten van de patiënten werden vergeleken met die van 
gezonde controles. Gezien de kleine patiëntengroep mochten er slechts voorzichtige conclusies 
worden getrokken. Een eerste conclusie was dat patiënten minder activiteit in de frontale 
hersengebieden vertoonden en leken te compenseren met verhoogde pariëtale activiteit. Deze 
compensatoire pariëtale activiteit leek beperkt tot het eerste jaar na het CVA. Daarnaast lieten 
die patiënten die na behandeling meer activiteiten ontplooiden in het dagelijks leven een 
toename van activiteit in de frontaal kwab zien. Dit proces van toename van activiteit was 
voorspeld, maar strekte zich uit over een langere periode dan verwacht. De toename van 
hersenactiviteit hing samen met daadwerkelijke toepassing van de geleerde strategieën in het 
dagelijks leven. De eerste paar sessies van het behandelprotocol resulteerde al in beter 
functioneren, maar meer training was nodig om op hetzelfde niveau te blijven of zelfs nog beter 
te gaan presteren. Op basis van deze resultaten worden aanbevelingen gedaan voor de klinische 
praktijk. Een neuropsychologische revalidatiebehandeling moet binnen een jaar na het CVA 
starten wil het maximaal effect hebben. Om sneller of beter resultaat te bereiken moet de 
behandeling bestaan uit een korte periode van intensieve training, gevolgd door een langere 
periode waarin de patiënt het dagelijks leven oppakt en op regelmatige basis terugrapporteert 
aan een therapeut. Hoewel klinische toepassing van fMRI in neuropsychologische revalidatie nog 
ver weg lijkt, tonen deze onderzoeksresultaten wat de toegevoegde waarde van fMRI kan zijn in 
onderzoek naar neuropsychologische revalidatiebehandelingen: we kunnen op meerdere niveaus 
hypotheses genereren en toetsen dan wanneer uitsluitend neuropsychologische testgegevens 
verzameld zouden worden. Met als uiteindelijk doel het verder verbeteren van deze 
behandelingen.  
 Ten slotte wordt in hoofdstuk zes alle verzamelde informatie samengevat en 
beschouwd. Om te beginnen wordt aangeraden neuropsychologische tests met zorg te 
gebruiken. Dat houdt in dat er tests gebruikt moeten worden met goede psychometrische 
eigenschappen. Daarnaast moet er in wetenschappelijk onderzoek, maar zeker ook in de 
klinische praktijk een betekenisvolle vertaling van testresultaten naar het functioneren in het 
dagelijks leven worden gegeven. Ten tweede zouden neuropsychologen vaker alternatieve 
meetmethoden moeten gebruiken. Zo bleek in het onderzoek naar het behandelprotocol voor 
het dysexecutieve syndroom bijvoorbeeld dat het formuleren en achteraf evalueren van de eigen 
behandeldoelen in meerdere opzichten nuttig was. Het gaf een duidelijk beeld van de 
onderwerpen die tijdens de behandeling aan bod moesten komen, was een mooie en natuurlijke 
uitkomstmaat zowel voor de patiënten als voor de onderzoekers en motiveerde patiënten en 
Samenvatting   139 
 
 
hun naasten om de behandeling af te maken. Verder werden de mogelijkheden voor de 
toepassing van functionele neuroimaging binnen de neuropsychologie verkend. De toegevoegde 
waarde van deze methode lijkt vooralsnog beperkt tot het suggereren van nieuwe hypotheses: 
het geeft neuropsychologen de mogelijkheid over de grenzen van hun vakgebied heen te kijken. 
Standaard gebruik maken van neuroimaging is echter nog niet mogelijk of wenselijk. Het is nog 
steeds een zeer dure en tijdrovende techniek die een bijzondere expertise vraagt. Daarnaast legt 
de methode onderzoekers zoveel beperkingen op dat er vaak een zeer verarmd 
onderzoeksparadigma overblijft waaruit weinig bruikbare conclusies voor het dagelijks leven 
kunnen worden getrokken. Zeker in de klinische context zal het nog lang duren voordat 
functionele neuroimaging echt wat kan toevoegen aan de al bestaande instrumenten. Ten slotte 
rees de vraag of, zelfs als alle adviezen om ecologische validiteit te vergroten zouden worden 
toegepast, executieve functies wel kunnen worden gevat in een test. Laat staan een test die in 
een scanner wordt gepresenteerd. Juist omdat deze functies zo essentieel voor ons zijn, moet 
neuroimaging-onderzoek naar executieve functies echter wel worden voortgezet. Hierbij 
moeten neuropsychologen ervoor blijven waken dat wetenschappelijk onderzoek en klinische 
praktijk niet teveel van elkaar vervreemden.  
 
 





Wat heb ik de laatste tijd uitgekeken naar het moment waarop ik dit stukje mocht gaan schrijven 
en nu is het dan eindelijk zo ver. Tussen maart 2004 en oktober 2009 heb ik aan dit proefschrift 
gewerkt en er zijn veel mensen die me daarbij hebben geholpen.  
 
Allereerst natuurlijk Joke Spikman. Joke, jij hebt me kennis laten maken met de 
neuropsychologie en laten zien hoe interessant dit vakgebied is. Je bent een geweldige inspirator 
zowel voor de wetenschappelijke kant van het vak als voor de klinische praktijk. Tijdens het tot 
stand komen van dit proefschrift heb je me enorm geholpen. Niet alleen door goede feedback 
op mijn onderzoeksopzet en mijn artikelen, maar ook door me gemotiveerd te houden het af te 
ronden. Dat laatste deed je vooral door mij te stimuleren deel te nemen aan symposia en 
congressen en daar bijdrages aan te leveren. Doodeng, maar de tapas in San Sebastian of de 
koffie met chocolate muffin in Edinburgh na zo’n presentatie smaakten geweldig en het was 
enorm gezellig om daar samen met jou van te genieten. Dat we zo nog maar veel presentaties 
mogen houden! 
 
Wiebo Brouwer, tijdens mijn studie psychologie was je mijn mentor en bij mijn afstuderen hield 
je het persoonlijke praatje. Vlak daarvoor stuurde me door naar Joke want die had hulp nodig bij 
een of ander project. Daar is uiteindelijk mijn promotieonderzoek uit voort gekomen. 
Logischerwijs werd jij dan ook mijn eerste promotor. Ik heb genoten van onze driemaandelijkse 
overleggen waarbij jij altijd wel een creatieve, alternatieve zienswijze had op mijn resultaten. De 
laatste anderhalf jaar zat ik te werken in een kamer bij jou op de gang en hield je me scherp 
door een snedige opmerking of bijzondere associatie tijdens de lunch. 
 
Remco Renken, jij had de schone taak om de gamma wetenschapper die ik ben het ware bèta 
gevoel bij te brengen. Wat heb ik zitten zwoegen op de fMRI analyses en jij was nooit te 
beroerd om iets op jouw eigen rustige, niet-veroordelende wijze voor de derde of zelfs vierde 
keer uit te leggen. Daarnaast heb je heel veel tijd gestoken in het programmeren van mijn twee 
fMRI taken. Bedankt voor dat alles. 
 
Professor de Keyser, u was mijn tweede promotor. We hebben elkaar weinig gesproken, maar u 
hebt door uw vlotte reacties en pragmatische oplossingen ervoor gezorgd dat allerlei 
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formaliteiten rondom het opzetten van het onderzoek en het afronden van het promotietraject 
vlekkeloos verliepen.  
 
The members of the Manuscript Committee professor Evans, professor Fasotti, and professor 
Leenders: many thanks for your willingness to read and review my dissertation. Jon, thank you 
so much for your patience in correcting my English writing and the feedback on how to keep an 
article concise. It was a privilege and very inspiring to work with you. Luciano ik voelde me 
vereerd toen je me vroeg samen met jou les te geven en een onderdeel van een hoofdstuk te 
schrijven in een boek over neuroplasticiteit. Ik heb daar veel van geleerd en het waren ook erg 
leuke en motiverende activiteiten.  
 
Doordat ik verschillende werkplekken heb gehad de afgelopen zes jaren, zijn er natuurlijk ook 
veel collega’s te bedanken. Allereerst de mensen uit het UMCG: Rients, Marleen, Wencke, 
Marthe, Ceciel, Grace, Riemie, Anke, Annet, Joost en Lucia. Allemaal bedankt voor de 
gezelligheid, steun en handige tips (van kolfruimtes tot lay-out, bestrating en een hele map met 
promotie-informatie) tussen het schrijven of analyseren door. De mensen van de eerste 
verdieping bedank ik in het bijzonder voor de kopjes koffie die ik uit jullie apparaat mocht 
tappen. Een verademing vergeleken met de automatenkoffie op de tweede. 
Marjan, Mirjam en Sarah, ik mocht jullie begeleiden bij het schrijven van jullie 
masterthese. Jullie hebben alle drie een mooi stuk geschreven en daarmee laten zien in staat te 
zijn zelfstandig onderzoekswerk te doen. Dat laatste demonstreerden jullie met name tijdens 
mijn zwangerschapsverlof toen jullie het project draaiende hielden met alleen zo nu en dan 
telefonisch of mail contact. 
Op het Neuroimaging Center had ik vooral veel met Anita te maken. Niet alleen plande 
jij mijn scantijd in, je hebt me regelmatig uit de brand geholpen als een taak vastliep of niet 
opstartte terwijl er een proefpersoon in de scanner lag. Zonder jou waren al die plaatjes met 
blobs er helemaal niet geweest. 
Daniëlle, tijdens het opzetten en implementeren van de behandeling van het 
dysexecutieve syndroom mocht ik met jou samenwerken. Jammer dat je zo ver weg in Nijmegen 
zat, maar gelukkig konden we via email ons lotgenotencontact onderhouden. Ik heb veel gehad 
aan onze uitwisseling van hindernissen bij het combineren van klinisch- en onderzoekswerk en 
aan onze gezamenlijke zoektocht naar oplossingen. 
Dan de afdeling psychologie van Revalidatie Friesland locatie Beetsterzwaag: Anneke, 
Geney, Anja, Marli en Robert. Jullie vormden daar een leuk psychologieteam en ik heb me er 
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altijd erg thuis gevoeld. Bedankt voor toepassen van het behandelprotocol in de praktijk en het 
doen van alle bijbehorende metingen. Ik heb binnen de revalidatie ervaren hoe waardevol het is 
om wetenschappelijk onderzoek en klinische praktijk te combineren, hoewel het soms ploeteren 
is om als clinicus de eisen die gesteld worden vanuit het onderzoek na te leven. Gelukkig wilden 
jullie voor mij ploeteren en daar voor: enorm bedankt! Marli, jij hebt me laten zien hoe boeiend 
psychologische behandeling is binnen een somatische setting. Dat niet alleen, maar ik leerde ook 
verder te kijken dan mijn behandelkamer, naar de organisatie en naar de invloed daarvan op 
behandelingsniveau. Jammer dat we geen collega’s meer zijn, maar gelukkig lukt het ons heel 
aardig om contact te houden.  
Veel andere collega’s uit Beetsterzwaag hebben ook bijgedragen aan dit project, door 
interesse te tonen, proefpersonen aan te melden, de controlebehandeling te begeleiden of als 
onafhankelijk arts op te willen treden. Dank jullie wel Doriene, IJke, Annemarijke, Jitze, Kees-
Hein, Anneke, Jan, Marjolein, Judith en Joost.  
En dan mijn nieuwe collega’s in het Martini Ziekenhuis: Hilda, Rolf, Bertus, Ivanka, 
Manon, Coosje, Wendelien, Anneke, Ans, Anky, Ria en Tineke. Jullie hebben alleen de laatste 
loodjes meegekregen van dit project en die zijn niet altijd het gezelligst. Toch bleven jullie mij 
vriendelijk steunen en geïnteresseerde vragen stellen, dank jullie wel. 
 
Gelukkig bestond de afgelopen periode niet alleen uit onderzoek en kliniek en mocht ik vaak 
even bijkomen bij familie en vrienden. Eva, Mirjam, Otto-Chris, Marnix, Martine, Anne, Meike 
W., de familie van Bram, alle Sluizen en Lambertsen: bedankt voor de afleiding met daarnaast 
belangstelling hoe het project nu vorderde en steun als het allemaal even niet zo vlot of goed 
verliep. Dat heeft me wel gaande gehouden. 
 
Marije en Meike, mijn paranimfen. Het lijkt of ik jullie vergeten ben in het bovenstaande, maar 
natuurlijk is niets minder waar. Marije, jou ken ik al vanaf mijn eerste studieweek in Groningen. 
Wij begonnen samen aan de PABO. Beiden waren we wat gedesillusioneerd na het eerste jaar. 
Jij besloot toch door te zetten en ik haakte af. Ik vind het geweldig leuk dat we nog altijd 
regelmatig contact hebben en ben heel blij dat jij de zware taak van paranimf op je hebt willen 
nemen. Het maakt me een stuk minder nerveus te weten dat iemand met wie ik ooit mijn eerste 
artikel publiceerde (over de misstanden bij de becijfering op de PABO) mij bij staat bij mijn 
promotie. Meike, via de afdeling neuropsychologie op het UMCG had ik je al leren kennen, maar 
toen je in Beetsterzwaag kwam werken, werd snel duidelijk dat we het ook buiten het werk erg 
gezellig kunnen hebben. De cursus bij Hein Post was het begin van een reeks etentjes die wij in 
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een moeite door ook wisten om te vormen tot mini wijnproeverijen. Beiden mochten we werk 
in de revalidatie, wetenschappelijk onderzoek en gz-opleiding combineren. Dat was een hele 
klus, maar er waren gelukkig voldoende autoritten van en naar Friesland om stoom af te blazen. 
Hoewel ik het autorijden in de spits niet mis, vind ik het wel heel jammer dat ons vaste uurtje 
kletsen, klagen en roddelen, twee tot driemaal per week, met mijn vertrek uit Beetsterzwaag is 
verdwenen.  
 
Dan het Battumse front, mijn ouders. Steeds als er weer eens wat opgevangen moest worden de 
afgelopen zes jaar omdat onderzoek, opleiding, klinisch werk en zorg voor een gezin zich nou 
eenmaal niet altijd even soepel laten combineren, mocht ik een beroep doen op jullie. Dat 
bracht veel rust en was ook gewoon heel erg gezellig. Jullie hebben me al jong veel van de 
wereld laten zien. Dat, maar vooral jullie manier van in het leven staan, vind ik heel mooi en 
heeft me veel geleerd. Femke, ik had zo graag gewild dat je dit feestje van mij ook mee had 
kunnen maken. 
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